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ABSTRACT 
 
 
This project tests the hypothesis that the Langobard migration into the Roman/Byzantine 
Veneto (northeastern Italy) resulted in significant dietary changes from Late Antiquity (4-5th 
centuries AD) to the Early Medieval period (6-8th centuries AD). At the end of the Great Germanic 
Migrations in AD 568, Langobards from Pannonia entered and occupied two-thirds of the Italian 
peninsula. It is unclear how large these migrations were, as historical documents exaggerate mass 
movements; however, conservative estimates suggest they made up 8% of the areas they occupied. 
The degree to which the Langobards influenced economic change and subsistence in this area is 
poorly understood. Therefore, the goal of this research is to use stable isotope analyses on human 
remains in conjunction with historical and archaeological data to understand how the migration of 
the Langobards influenced the population structure and political economy (diet) in the Veneto.  
A total of 149 individual bone samples from seven sites spanning the 4-8th centuries AD 
from the Veneto underwent stable carbon and nitrogen isotope analysis. In addition, 60 premolars 
were sampled for stable carbon, nitrogen, and oxygen isotope analysis to assess migration and 
dietary changes. Previous paleodietary analyses suggest that the traditional Roman diet consisted 
of C3 terrestrial plants, such as wheat and barley, and domesticated animals with some 
contributions from fish. The Langobards consumed a mix of C3 and C4 (millet and sorghum) 
terrestrial plants and animals. C4 plants such as millet were often considered a low socioeconomic 
status food source during the Roman Empire.  
xvii 
 
The results indicate that migrating Langobards are not present in the cemetery samples; 
however, migrating Roman/Byzantines are. This suggests a migration inland from the Byzantine 
occupied coast for better economic prospects. Byzantine occupied areas in Italy experienced heavy 
taxations, while the Langobards reduced this burden on the location populations. The dietary 
analyses show significant differences in diet between local and non-local individuals, with non-
local individuals consuming more C3 energy sources (wheat) earlier in life. In terms of overall diet 
in the Veneto, there appears to be an increase in millet consumption from Late Antiquity to the 
Early Medieval period. There are no significant differences in socioeconomic status or sex, 
suggesting that millet became standardized in the Veneto, reflecting a sociocultural change in 
dietary practices. This research is significant because it fills a geographical and chronological gap 
in Italian history, during a period of significant migration and economic change.
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CHAPTER 1: INTRODUCTION 
 
1.1 Background 
This research is an investigation into the political economy and diet from Late Antiquity 
(3-5th century AD) to the Early Medieval period (6-8th century AD) in Italy. During Late Antiquity, 
the Great Germanic Migrations (4-6th century AD) occurred in Europe, where northern European 
populations were migrating across Roman borders (Goffart 2006). During this time, various 
populations were interacting, migrating, and resettling the Italian Peninsula, creating a 
heterogeneous population. The Western Roman Empire formally ends (‘falls’) due to a complexity 
of issues including barbarian groups invading Italy and cutting off important trade routes, disease 
(the plague, malaria), political instability, and heavy taxation. These occurrences led to a 
significant depopulation of the landscape, the reorganization of settlements, and a shift from long 
distance trade and an urban market economy to the localized production of resources (Cheyette 
2008; Cunliffe 1988; Montanari 1999; Murphy 2015; Verreyke and Vermeulen 2009).  
The Langobards are a key population for this study, as they were part of the end of the 
Great Germanic Migrations, entering northern Italy from Pannonia (Hungary) during the late 6th 
century AD. According to historians, the Langobards originated in the far north-west Scandinavia 
during the 2-1st century BC, and migrated through Germany, Bohemia (Czech Republic), Austria, 
and Pannonia (Hungary) (Bona 1976; Christie 1995). Through these migrations, the Langobards 
came into contact and conquered groups such as the Heruls and Gepids, who were assimilated into 
the Langobard culture. The Langobards also came into contact with the Byzantines in Pannonia. 
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The Byzantines enlisted the aid of the Langobards to help reclaim the Italian peninsula after the 
end of the Western Roman Empire, which was successful. However, changes in power in the 
Byzantine Empire created tension with the Langobards in Pannonia, which led to the Langobard 
migration into Italy in AD 568 (Bona 1976; Brather 2009; Christie 1995; Paul the Deacon’s 
Historia Langobardorum ca. AD 787-789). 
 According to scholars, the Langobard migration into Italy led to multiple conflicts with 
Byzantine/Roman populations, dividing the landscape, and pushing the Byzantines towards the 
Venetian Lagoons (Venice est. ca. 9th century AD) (Bonetto et al. 2009; Christie 1995). The 
Langobards conquered two-thirds of the Italian peninsula, beginning with northeastern Italy, 
moving west across the Po Plain and south into central and southern Italy, establishing a kingdom 
until the 8th century AD (Christie 1995; Delogu and Wickham 2009; Pósán 2015). The Byzantines 
maintained control of the province of Ravenna, the city of Rome, the island of Sicily, and the 
region of Calabria (Christie 1995; Wickham 2009).  
 In particular, the region of the Veneto in northeastern Italy has stimulated the interest of 
archaeologists, as it was one of the initial areas of occupation by the Langobards. The Veneto was 
the important entry point into the region later called Lombardy, a key socio-economic player in 
medieval and modern Europe (Noble 2006). The region is located in Alpine northeastern Italy, 
surrounded by the Alps to the north, Venetian Lagoon and Adriatic Sea to the east, Lombardy to 
the west, and Emilia-Romagna to the south. It includes parts of the Po Plain, which contained 
fertile lands for agricultural production during the Roman Empire (Bonetto 1998; Negrelli 2013; 
Visonà et al. 2014). Before the Langobard arrival and after the fall of the Western Roman Empire, 
the populations in the Veneto began to undergo significant changes in their political economy. 
Social and economic systems degraded, extensive crop systems and urban markets were 
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abandoned, and demographic growth decreased, as seen in the archaeological record (Bruno et al. 
2013; Cheyette 2008; Ghisleni et al. 2011; Verreyke and Vermeulen 2009).  
Social and economic systems degraded in the Veneto due to war and changing political 
powers. The Byzantine Empire was fighting to reclaim parts of the Western Roman Empire, 
including northeastern Italy. They succeeded in the 6th century AD, but this success resulted in 
heavy taxes on the Italian population, even during times of crop failures. These taxes served to 
fund the Byzantine military to prepare for human or natural catastrophes, but crippled the local 
population (Bona 1976; Wickham 1981). This resulted in a collapse of the Roman political and 
economic structure in the Veneto, which was a market economy based on rural production for 
urban cities and international trade. Instead, wheat production declined, and many large 
landowners left cities and moved to fortified settlements (Montanari 1989). These landowners 
established rural production centers for the local trade of agricultural commodities and livestock, 
instead of suppling urban markets (Bang 2007; Bitel 2002; Christie 1995, 2006).  
With the arrival of the Langobards, many of the local Roman social and economic systems 
were modified. The Langobards did not implement heavy taxes like the Byzantines, but instead 
reduced this burden on the local population. In addition, the Langobards enacted written law codes, 
and established new political and social titles (such as a king and not emperor). However, the 
Langobards did not force the local population to follow Langobard laws, and often borrowed from 
the Roman laws in place (especially regarding property rights). Thus, some historians argue that 
what emerged from the Langobard occupation was a hybridization of Langobard and Roman 
traditions (Wickham 1981, 2009). The Langobards did forge a lasting memory on the Italian 
landscape, evidenced today through place names (ex. Lombardy, or Gaggio, “forest”) and 
archaeological evidence (Christie 1995; Drew and Peters 1973).  
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The Langobard migration has been archaeologically reconstructed using burial 
assemblages and aDNA analysis. Archaeologists have used the presence of specific artifact 
assemblages (weapons, belt buckles and brooches) to produce a timeline of the Langobard 
migration and presence in Italy (Giostra 2007, 2011; Kiszely 1979). Langobard cemeteries 
throughout northern Italy showed a heterogeneity in the burial populations, suggesting the local 
Italian population and Langobards were buried within the same cemeteries (Belcastro and Facchini 
2001; Bona 1976; Christie 2009; Kiszely 1979; Rubini and Zao 2011; Sguazza et al. 2015). Over 
the course of the Langobard occupation in Italy, there was an adoption of Roman/Byzantine dress 
and burial goods, similar to the adoption of some Roman law codes mentioned above (Giostra 
2011). Eventually, there were no distinguishing features of Langobard and Roman/Byzantine 
burials in the 8th century AD (Christie 1995). While artifact assemblages have been used to identify 
cemeteries as “Langobard” or “Roman/Byzantine,” the evidence of multi-population cemeteries 
suggests a more complicated picture. 
For a time, scholars believed that the Langobards violently invaded Italy, ending classical 
civilization, and enslaved the local population (Goffart 2006). Most of this was due to biases in 
the very fragmented historical record (Gregory the Great ca. 590-604; Gregory of Tours ca. 590; 
Marius of Avenches ca. 574-594; Paul the Deacon, Historia Langobardorum ca. AD 787-789). 
This narrative has since been readdressed, with scholars’ questioning the idea of an “invasion” and 
instead evaluating the Langobard arrival in Italy as an “invitation,” organized by dissatisfied 
citizens under Byzantine rule (Christie 1991; Fabbro 2015). While it is understood that the 
Langobard migration occurred, who migrated, how many, and why is still unclear. Therefore, this 
dissertation evaluates the presence and impact the Langobard migration had on the population 
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structure and the political, social, and economic processes (political economy) of the local 
populations in the Veneto, Italy.  
In the Veneto, existing historical information on Langobard society is limited to Paul the 
Deacon’s Historia Langobardorum (ca. AD 787-789) and the Lombard laws, written in the 7th 
century AD (Drew and Peters 1973). These accounts give insight into Langobard political and 
social organization, but do not provide information on the everyday lives of the local population. 
In addition, these accounts are inherently biased, because they were written by the elite or centuries 
after the events occurred (Paul the Deacon’s Historia Langobardorum ca. AD 787-789). In turn, 
the archaeological record is incomplete (geographically and chronologically), and unsystematic, 
due to preservation issues, the contexts excavated, lost and disturbed burial contexts, and limited 
study of faunal/floral remains (Rottoli 2014). Therefore, the use of stable isotope analyses to 
reconstruct diet provides some of the only direct access to understanding the real impact that the 
Langobard migrants played in restructuring the regional socio-economic system, because food 
changes are directly linked to the production system in agrarian societies (Castiglioni 2007; King 
1999; Murphy 2015; Rottoli 2014). Therefore, the goal of this research is to conduct biochemical 
analyses on human remains from the 4-8th century AD in the Veneto, to allow for a more nuanced 
understanding of diet and its relationship to the political economy in the region with the Langobard 
occupation.  
 
1.2 Research Orientation and Questions 
What is unclear, and understudied, is the degree to which the Langobards influenced 
economic change and subsistence in the Italian peninsula. Some scholars suggest that the 
Langobards directly changed these systems, while others argue that they assimilated into the 
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existing socio-economic structure (Bonetto et al. 2009; Ward-Perkins 2009; Wickham 1981). As 
one of the few isotopic studies targeting the Langobard occupation in Italy, and the first focusing 
on the Veneto, this dissertation explores how the migration of the Langobards affected social and 
economic processes. It does so by assuming the Langobard migration occurred, but also 
investigates their presence in burial populations designated at “Langobard.” As previously 
discussed, Langobard cemeteries in Italy have shown heterogeneity in population structure. 
The integration of historical data, archaeologically recovered remains, and stable isotope 
analyses is positioned within a migration theory framework to understand the processes involved 
in the Langobard arrival and subsequent occupation (Brettell 2016; Noble 2006). This project 
relies on stable isotope methodologies to investigate migration and the consumption of food 
resources to examine the interrelationship of populations during a period of substantial migration. 
Anthropologists are concerned about migrant experiences and sociocultural changes, which is 
difficult to discern in the archaeological record. Often, migration is inferred through artifact 
typologies, without direct lines of evidence to confirm these hypotheses. The utilization of isotope 
analyses for mobility has provided archaeologists with a direct approach to distinguishing non-
local residents in a population, in addition to traditional interpretations of artifact association 
(Prowse et al. 2005; Killgrove and Montgomery 2016). Understanding who migrated and when is 
important in today’s world for interpreting the diffusion of technology, ideologies, political and 
economic changes, and trade (Anthony 1990; Brettell 2016; Brettell and Hollifield 2008; Noble 
2006; Sillman 2015). 
 In addition, isotopic research can show changes in diet and access to resources by 
populations undergoing an influx of migrants into the area, and address questions of assimilation 
(Killgrove and Montgomery 2016; Prowse et al. 2007). In the context of this research, it is 
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important to understand the impacts of the Langobard migration, as they influenced the political 
and socio-economic organization of the Italian peninsula during the medieval period, of which 
little direct archaeological evidence of their influence is present. Did the Langobards assimilate 
into the culture of the Veneto? Did they themselves introduce change, which eventually led to the 
formation of new processes?  
This study investigates the impact of the Langobard presence on local populations in the 
Veneto by assessing dietary changes and migration through the use of archaeological science. 
Specifically, I analyze human skeletal remains using stable isotope analyses from two large 
excavated Langobard cemeteries in the Veneto in conjunction with remains from Late Antiquity 
to answer the following questions: 1) are non-local populations (Langobards) distinguishable in 
the cemetery samples; 2) if so, are there variations in diet between non-local and local populations 
and/or changes in diet over the course of an individual’s life; 3) what is the overall diet like in 
northeastern Italy with the Langobard arrival and occupation; 4) are there changes in diet from 
Late Antiquity to the Langobard occupation; and 5) are there any socioeconomic differences in 
diet (status and sex).  
 
1.3 Methods 
The Soprintendenza Archeologia del Veneto supervises excavated materials from 
Langobard necropoleis, in addition to Roman/Byzantine burials from Late Antiquity, allowing for 
a diachronic investigation of migration and its impacts in the Veneto. Quantitative stable isotopic 
data on human mobility and diet was collected on these samples to address the specific research 
questions outlined above. The advantage of this method is that individuals are the unit of analysis, 
allowing for the direct comparison of age, sex, socioeconomic status, and differences between sites 
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and time periods (Katzenberg 2008; Pollard and Heron 2008; Tykot 2014). Zooarchaeological and 
botanical remains do not necessarily provide a complete picture of what was consumed, as 
assemblages do not distinguish what was eaten or, by whom (Pollard and Heron 2008; Rottoli 
2014). For example, in northern Italy, C4 plants such as millet and sorghum were found 
archaeologically, but the importance of these foods in the diet is unclear, as millet was usually 
assigned as a low status/famine food and animal fodder in Italian populations (Lanehart et al. 2011; 
Killgrove and Tykot 2013; Spurr 1983). In addition, the exploitation and consumption of marine 
resources (freshwater and saltwater) is variable in the archaeological record. Isotope analyses can 
therefore provide a quantitative analysis of the significance of food resources in an individual or 
subgroup diet (Leatherdale 2013; Larsen 2002; Pollard and Heron 2008; Tykot 2014). 
Oxygen stable isotope analysis was chosen to investigate migration, as oxygen is ingested 
through drinking water and can be correlated to precipitation values in various geographic regions 
(Daux et al. 2008; Luz et al. 1984; Pederazani and Britton 2018). In addition, carbon and nitrogen 
stable isotopes were used to discern diet, as these isotopes produce distinct signatures based on 
locally available dietary resources (Ambrose and Norr 1993; Tykot 2004, 2014). 
Zooarchaeological remains were collected from sites when available to construct an isotopic 
baseline for dietary comparisons, as variations in animal fodder, manuring, and climate can 
produce variable values across geographic regions (Ambrose 1991; Fraser et al. 2011; O’Connell 
et al. 2012; Tykot 2014). These methods provide empirical evidence in concert with archaeological 
data to examine who was migrating (structure and scale) and what migrants and local populations 
were consuming (Knudson 2011).  
This dissertation is multifaceted requiring an appropriate sampling strategy. A total of 149 
individuals were sampled from seven sites spanning the 4-8th century AD. My primary dataset 
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comes from two 6-8th century AD Langobard necropoleis from Vicenza, named Sovizzo and 
Dueville. From these two sites, 100 individuals were sampled for bone dietary analysis (50 from 
each site), of which 60 of those individuals (30 per site) had teeth sampled for migration and dietary 
isotope analysis. Three sites were sampled from Verona for bone dietary analysis (20 individuals 
total), which included seven individuals from Bardolino (6-8th century AD), six individuals from 
Desmontà (6-7th century AD), and seven individuals from Peschiera (4th century AD). In addition, 
two 4-6th century AD sites were sampled from Rovigo for bone dietary analysis (28 individuals 
total), which included 22 from San Basilio and six from Riformati St. The samples from Sovizzo 
and Dueville were used to address the first two research questions related to migration and changes 
in diet over an individual’s life, while all samples were used to address the remaining three research 
questions on regional diet and change over time.  
    
1.4 Organization of Chapters 
 This dissertation is organized into 11 chapters, which reflect the different stages of 
research. Chapter 2 provides the research orientation of this study, including the frameworks used 
to interpret the historical, archaeological, and biological data related to migration and the political 
economy. This chapter first reviews the various interpretive models used in European migration 
studies, including the German tradition and later culture-historians, New Archaeology or 
processual archaeology, and the post-processualist movement. It is followed by approaches to 
studying migration in archaeology, and its application to the Langobard migration. Then, a 
description of political economy and its use for interpreting foodways in the past follows. 
 Chapter 3 provides a succinct cultural background of the populations and interactions 
important to this research. This chapter is organized into three chronological periods to provide 
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necessary context, beginning with the Roman period (1st century BC to 4th century AD), followed 
by Late Antiquity (3-5th century AD), ending with the Early Medieval period (6-10th century AD). 
This chapter describes the social, political, and economic changes that occurred over time, and 
outlines the migration and interaction between the Romans/Byzantines and the Langobards. This 
chapter provides important cultural context for the remaining chapters.  
 Chapter 4 provides an overview of the historical and archaeological evidence for food 
production and consumption. The first section describes literary sources from the Roman and 
medieval periods, which provide details on social diversity and access to food. This chapter then 
examines extant evidence for dietary and economic change from zooarchaeological and 
paleobotanical resources to infer the potential food sources that were available for consumption. 
This chapter ends with a summary of animal husbandry practices. 
 Chapter 5 explains the theoretical principles of carbon, nitrogen, and oxygen stable 
isotopes. This chapter begins by detailing the processes by which these isotopes are incorporated 
in biological tissues, followed by the ways the isotopic data can be interpreted. These processes 
are imperative for understanding and interpreting previous isotopic research, and how the results 
from this study fit within the narrative of the time. Thus, Chapter 6 presents the relevant stable 
isotopic studies on migration and diet from Italy and adjacent regions to aid in the interpretation 
of the results from this study.  
 Chapters 7 provides an overview of the mortuary literature and site backgrounds for the 
materials used in this study. Particular emphasis is placed on establishing Roman/Byzantine and 
Langobard burial chronologies. Information on each site used in this study is described in as much 
detail as possible. Unfortunately, in some cases site reports were not officially published or 
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available for consultation. This chapter closes with demographic and chronological information 
regarding the materials used in this research. 
 Chapter 8 describes the methods used to establish a biological profile and conduct the 
isotopic analyses. Standards for sex and age estimation were employed when preservation 
permitted. All pretreatment procedures are outlined, followed by the appropriate analytical 
methods. For oxygen stable isotope analysis, this chapter explains the conversion equations used 
to properly interpret the results from this study. Lastly, it explains the statistical analyses 
performed on the isotopic data. 
 Chapter 9 presents all of the results of this study. It begins with the assessment of migration 
through the construction of a geographic baseline from precipitation records and provides evidence 
for non-local individuals within the samples. Next, a dietary baseline is constructed from the faunal 
remains, to which the human results are compared. The dietary results are broken down by 
geographic region, beginning with the two main samples for this study from Vicenza. The results 
end with a comparison of all sites.  
 Chapter 10 provides an overall interpretation of the impacts of migration, and the cultural 
changes related to food production and consumption in the Veneto. It explains who the potential 
migrants were in the sample, followed by an explanation of the dietary changes that occurred over 
time. This chapter also compares the results from this research with previous studies to understand 
the significance of the data within the historical and archaeological record. Chapter 11 presents 
and discusses the results, concluding this dissertation.  
 
 
 
12 
 
1.5 Intellectual Merits 
 The significance of this research is in its contribution to anthropological investigations on 
historical processes and social changes related to the impacts of migration, by deconstructing the 
political economy during a critical period in European history. Understanding migration requires 
the use of multiple lines of reference, including the historical record, material culture, and 
archaeometry, which this study utilizes. This research covers a period in which Roman social and 
political structures fail, the Langobards settle in Italy, the Byzantines attempt to control the 
peninsula for defense and taxation, and a new political and economic power emerges in Venice. 
Questions on the effects of the migration of the Langobards into the Veneto, such as assimilation 
(who was changing, how much, and why) can be compared with other regional studies in the past 
and present to understand how migrant populations influence culture change (economic impacts), 
and lessons for modern populations undergoing migratory processes. This research focuses on an 
understudied area during Late Antiquity in European mass migrations, providing a critical piece 
to the development of modern states in Italy and nationalistic claims that are utilized by current 
political and social attitudes in Western Europe (Cachafeiro 2002; Noble 2006; Ritzen et al. 2017). 
It fills a large gap in Langobard research, and ties into broader theoretical interpretations of human 
adaptations in changing sociopolitical climates.  
 
1.6 Broader Impacts 
While this study focuses on the Veneto, the insight that can be obtained is broad, as it 
explores migration dynamics, cultural perceptions and adaptations to migratory flows, economic 
impacts (visible through diet) and political stability. Currently, Europe is experiencing low 
demographic growth with strong migratory flows, which in part mirrors what was happening in 
13 
 
the Early Medieval period in the Veneto. In addition, Europe and the United States have very 
strong anti-immigration sentiments and xenophobic ethnocentric opinions where nationalistic 
views are manifesting in new radical parties against migrants. This is in turn is leading to ideas 
about cessation and redefining nation-state boundaries, which has been ongoing in modern 
northern Italy where political ideologies have shifted to a claim for self-government (Cachafeiro 
2002; Noble 2006; Ritzen et al. 2017). History is often used to propagate views of distinctiveness 
and identity, which originated in Europe with Nazi ideology, and is currently utilized by the 
European far right resulting in attacks on culture, ethnicity, and religion (Noble 2006). By targeting 
issues of mobility and the political economy during the formation of modern cultural groups in the 
European continent, this research will contribute to current debates related to national identity and 
immigration in the European Union, Unites States, and other Westernized states sharing similar 
historical origins of their social systems (Canada, Australia, New Zealand). 
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CHAPTER 2: RESEARCH ORIENTATION 
 
2.1 Introduction 
This project relies on archaeological science, specifically stable isotope analyses, in 
conjunction with historical and bioarchaeological data to address the main research question of 
this dissertation: how did the Langobard migration influence the political economy in northeastern 
Italy during the transition from Late Antiquity to Early Medieval period? This research question 
employs two main concepts, migration and political economy. This chapter reviews the complexity 
and limitations of understanding how these two processes interconnect to explore culture changes 
that occurred during the Early Medieval period in Italy.  
 
2.2 Migration 
2.2.1 History of Migration Theory in Europe 
Cabana and Clark (2011) constructed a minimal definition of migration as, “a one-way 
residential relocation to a different environment by at least one individual.” However, its 
interpretation in an archaeological context is complex (Anthony 1997). Migration theory is not a 
traditional “theory” as Levi Strauss and Bourdieu, but a set of observations about how migration 
works, and its potential cultural impacts (Halsall 2012). Migration studies in archaeology have 
generally been limited, even though it has been prominent in other social sciences (Anthony 1997; 
Burmeister 2000; van Dommelen 2014). Studying movement in the archaeological record has led 
to fiery debates among theorists. The inability to provide empirical evidence and a lack of 
understanding of migration and human behavior has been one of the main issues previous 
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archaeological research on migration has stalled (Anthony 1990; Clark 1994; van Dommelen 
2014). 
Migration in European archaeology fell into two polarizing camps in the early to mid-19th 
century, the German tradition and New Archaeology or processualism (Hakenbeck 2008; 
Roymans and Heeren 2017). A German archaeologist, Gustaf Kossinna (1911) developed the 
concept of Kulturkreise in the 19th century, which implied that ethnic groups resided in specific 
provinces (Hakenbeck 2008; Kossinna 1911). Kulturkreise focused on distribution maps of objects 
defined as characteristic of distinct ethnic groups (such as the Slavs, Celts, or Germans), and used 
these as proof of migration outside of their designated areas (Hakenbeck 2008; Heeren 2017). This 
German tradition was used by Nazi Germany to establish a collective origin myth based on 
material evidence for nationalistic expansion. Artifact types were used as a genealogical technique 
to establish the descent of the Aryan Germanic super-race and demonstrate Germanic occupation 
in key geographic regions (ex. Poland, South Russia) (Jones 1997; McCann 1990). Kossinna’s 
(1911) work, which contained nationalistic and racist overtones, often spoke of German superiority 
and was used to create propaganda during World War I, and later influenced the ideology of the 
Third Reich during World War II (Jones 1997). Thus, archaeological research on migration in 
Europe during the early to mid-19th century was mostly explored through the spatial distribution 
of artifacts used for grand narratives of expansion (Anthony 1997; Hakenbeck 2008; Hareen 2017).  
After World War II, European archaeologists abruptly abandoned the Germanic tradition 
by rejecting the use of overt ethnic interpretations, and instead relied on description and the 
classification of materials into ‘archaeological cultures.’ These archaeological cultures were a way 
to avoid the direct genealogical method utilized by Kossinna (1911) to establish a connection 
between modern populations and the past. This new approach evolved into culture-historical 
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archaeology. The culture-historical approach described and characterized the distribution of 
material remains into units, or discrete social groups. Using this approach, the only explanation 
for the abrupt changes in material culture was migration (Cabana 2011; Hackenbeck 2008; Halsall 
2012; Jones 1997).  
In the 1960’s, a shift occurred in the archaeological investigation of material culture, called 
‘New Archaeology’ or processualism (Jones 1997). The processualist perspective rejected 
studying migration through the spatial analysis of materials, as it was believed to be impossible to 
test objectively. Vere Gordon Childe (1925) believed that the diffusion of ideas, rather than actual 
migrations, was the cause of change in the archaeological record. Processualists analyzed culture 
from a perspective of a functioning system, instead of the culture-historical approach, which 
focused on the homogenization of groups (Jones 1997). The processualist-functionalist perspective 
did not focus on ethnicity or migration, but economics and subsistence, exchange systems, and 
social organization (Jones 1997). Thus, internal social change was the best explanatory model for 
what was found in the archaeological record (Anthony 1990; Burmeister 2000; Halsall 2012; 
Roymans and Heeren 2017; Trigger 1989). Processualist approaches shifted focus to regional 
studies and abandoned migration as an interpretation of culture change (Heeren 2017).  
Processualism drew criticism for being firmly rooted in scientific objectivity and being too 
general and deterministic (Hakenbeck 2008). In the 1980’s a new approach, post-processualism, 
provided a theoretical shift that shed light on subjective and personal experience (Burmeister 2000; 
Hakenbeck 2008; Roymans and Heeren 2017). Post-processualism approached migration from an 
individual-level analysis (micro-theoretical) focusing on identity, status, and agency (Cabana 
2011; Cordell and McBrinn 2012; Hodder 1999). Human behavior was considered situational, not 
reduced to general statements of universal explanations. Therefore, post-processualists argued that 
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migration should be interpreted as a case-by-case basis within its own context (Hakenbeck 2008; 
Hodder 1999). Migration studies in archaeology, including this dissertation, are now increasingly 
investigating migration as a dynamic process in the past (Cabana 2011; Hakenbeck 2008; Halsall 
2012; Jones 1997).  
 
2.2.1.1 Interpretations of Migration in Late Antiquity 
A review of the literature on migrations into Italy during Late Antiquity fall within culture-
historical archaeology or processualism. Research on the Langobards involve their mortuary 
practices (discussed in Chapter 7), with descriptions of burial goods, often disassociated from the 
actual skeletal remains. This research mainly focuses on describing artifact distributions across 
historical migration routes (Barbiera 2014; Giostra 2011; Jorgensen 1992; Rupp 1997; Possenti 
2014; Verger 1993). These materials have been used by some culture-historians to view the 
collapse of the Empire as a result of invading barbarians, pegging these groups as the defining 
reason Roman civilization was destroyed (Halsall 2012; Heather 2009, p.339; Ward Perkins 2005).  
Other researchers denounce associating this material culture as part of the Langobard 
tradition, and argue it assumes a homogenous and distinct group which perpetuates nationalistic 
goals (Brather 2009; Halsall 2012; Wickham 2009). Halsall (2012) cautions against the 
“barbarians ending civilization” argument, which contemporary populists are still using against 
modern day migrations in Europe (Halsall 2012; Noble 2006). These political groups use these 
arguments as support for national boundaries and ethnic integrity, and the legitimization of 
contemporary institutions (Burmeister 2000; Diaz-Andreu and Champion 1996; Hakenbeck 2008; 
Halsall 2012; Roymans and Heeren 2017; Trigger 1989). 
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While it is argued that objects do not define a person’s ethnic identity, Roymans and Heeren 
(2017) suggest that material correlates of different groups in Late Antiquity do hold importance, 
but require various classes of evidence. These classes of evidence include a combination of 
historical, archaeological, and biological records. For example, with the Langobard occupation in 
Italy, Roymans and Heeren (2017) believe that the Langobards and local population would have 
undergone a gradual process of acculturation that occurred over several generations. Burial 
assemblages in Italy do show an integration of the Langobards with the local population and 
gradual change in artifact assemblages over-time (Giostra 2011). Since ethnicity is complex, multi-
layered, and dynamic, the outwards signs of identification (burial goods) should be interpreted as 
an adherence to a cultural model, rather than a definitive identifier as a specific ethnic group 
(Possenti 2001; Heeren 2017).  
A new interpretation of the migrations during Late Antiquity by post-processualists view 
this period as a stage of transformation, where one must not overstate the role of invading barbarian 
groups. This perspective argues that decline and transformation are not binary opposites, but both 
historical realities. These transformations resulted in new social customs (such as burial rights), 
economies, and political organization (Halsall 2013; Roymans and Heeran 2017). For example, 
Halsall (2013) applied this approach to studying the cultural zone in the North Sea before and 
during Late Antiquity. Halsall (2013) showed that Roman influence on Germanic tribes (Saxons, 
Langobards) began along the Rhine and Danube. These interactions occurred through trade and 
Germanic service in the Roman military. Due to these interactions, the Saxons used elements of 
Roman army brooches to model their own jewelry. This was also found in the Langobard burials 
in Italy, where burial customs were borrowed and changed over time (Giostra 2011). 
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2.2.2 Approaches to Studying Migration in Late Antiquity 
David Anthony (1990, 1997) critiques the lack of migration studies in archaeology, and 
provides an important framework for contextualizing movement in the archaeology record. 
Graciela Cabana and Jeffery Clark (2011) and Stefan Burmeister (2000) expand upon this 
framework by Anthony (1990). Burmeister (2000) proposes two requirements for migration 
research, the development of empirical methods for archaeological proof of migration, and a 
theoretical understanding of migration as culture behavior, which he refers to as an investigative 
model.  
Studying migration in Late Antiquity requires the inclusion of various sources of evidence, 
rather than adhering to interpretations taken from written sources (Roymans and Heeren 2017). To 
address the first requirement for migration research, a combination of the literary record, material 
culture, the mortuary record, and biochemical analyses of bone can be used as empirical methods 
for studying migration. The mortuary record provides a reflection of a community, through 
extrinsic (the living community) and intrinsic factors (those of the deceased) (Pearson 2000). 
Deviations from typical burial rituals (preparation and artifacts) can sometimes signify non-local 
individuals. In addition, the demographics of a burial population may indicate human movement, 
especially when age and sex distributions are skewed (Burmeister 2000; Pearson 2000). 
 With the employment of strontium and oxygen isotope analysis, a new way of interpreting 
migration from the mortuary record emerged (Daux et al. 2008; Ericson 1985; Longinelli and 
Selmo 2003; Price et al. 1994). This method offers direct information about individuals within a 
cemetery population, and allows for a more nuanced understanding of the mobility of individuals 
in conjunction with their burial context (Hakenbeck 2008; Swift 2010). Stable isotope analyses 
creates a “bottom-up” evidence-driven approach, which has the potential to look at large and small-
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scale effects of migration without attempting to overgeneralize (Hakenbeck 2008; White 2014). A 
substantial number of strontium and oxygen isotope studies have been conducted in the UK related 
to Roman and Medieval migration (Budd et al. 2011; Chenery et al. 2010; Eckardt et al. 2009; 
Muldner et al. 2011; Leach et al. 2009; Ryan et al. 2018; Hughes et al. 2018); while other regions 
of Europe are slowly catching up. Among these are, Italy (Killgrove and Montgomery 2016; 
Prowse et al. 2007); Hungary (Alt et al. 2014); Bavaria (Hakenbeck et al. 2010; Schweissing and 
Grupe 2003); Greece (Lagia 2015); the Balearic Islands (Dury et al. 2018); and France (Meijer 
2018).  
The second requirement for migration research is the theoretical understanding of culture 
and movement (Burmeister 2000). Burmeister (2000) explains there are two theoretical approaches 
to studying migration, which include a macro-theoretical and micro-theoretical perspective. At the 
macro-theoretical level, dependence theory, world-systems concepts, and classical Marxism view 
migration from a global perspective (Kearney 1986). These systems often negate the individuals 
as acting subjects. On the other hand, micro-theoretical perspectives such as push-pull theories 
come from a social behavioral approach that seeks to explain motivation.  
Anthony (1997) stresses the importance of understanding what causes or motivates people 
to migrate by analyzing positive or negative “push” and “pull” factors at place of origin and 
destination. This includes looking at what access there is to information, transportation and other 
resources, and ideological and cultural factors. For example, Anthony (1990, 1997) thinks 
important questions are often ignored in migration research, including which sub-groups did and 
did not move, destination choice, and routes. Cabana and Clark (2011) expand on these concepts 
by proposing potential variables to identify when studying migration, including structure and scale, 
motivation, impact, distance, and mode of migration. Structure and scale analyze who and how 
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many people are migrating, in addition to the boundaries traversed (geography, ecological, social, 
religious, etc.). Motivation is the push and pull factor described by Anthony (1997), which look to 
understand why people are moving (homeland stress, economic prosperity, forced displacement, 
etc.). The impact of the migration is the effect of the migrating population on the receiving 
communities, in addition to the migrants themselves (in this case, Langobards and local Italian 
populations). Distance is how far a migrant moves, either short or long distances, while the mode 
of migration is the way in which people moved.  
Burmeister (2000) suggests there is a selectivity to whom migrates. Specifically, he says 
there is sometimes gender-specific migration, in which males predominantly migrate due to their 
social flexibility, while females are more restricted. In addition, he proposes individuals between 
20-30 years are the most mobile, and tend to migrate due to a need for independence or securing a 
means of livelihood. There are reasons for migration other than economic, such as natural 
catastrophes, shortages of resources, overpopulation, and involuntary migration (war, repression, 
and slavery). Furthermore, the impact of migrants on the immigration area may vary. In some 
cases, there may be power disparities creating dominant and subordinate groups. In other cases, 
there is reciprocal acculturation between groups, as Burmeister (2000) suggests occurred in 17th 
century AD Hungary with the settlement of Romanians and Germans.  
In addition to these variables, there are various types of migratory models employed by 
other disciplines (demography, sociology) that can be implemented in archaeological research. 
These models include spatial interaction, local migration, circular migration, chain migration, 
career migration, and coerced migration (Anthony 1997; Burmeister 2000). Spatial interaction 
models draw on behavioral regularities, such as the likelihood of returning to a place of origin, and 
repeated migrations (Anthony 1990). Local migration occurs within a close range, often remaining 
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within the same social networks. Circular migration involves migration for a specific goal, but 
with the intention to return, similar to migrant workers. Chain migrants follow earlier migrants, 
usually over a known route to join kin. This kin relationship creates access to information about 
the new location (for example, is it economically viable). Finally, coerced migration is the 
displacement of refugees, slaves, and other individuals forced from home due to varying 
circumstances (Anthony 1997).  
Migration is a social strategy, regardless of motivation or organization (Anthony 1997). In 
previously inhabited areas, there is usually a general sense of a destination (from previous contact), 
and these patterns of movement tend to be short-distance (Anthony 1990; Burmeister 2000). 
Exceptions occur in cases of initial peopling, such as in the Caribbean and islands in the Pacific 
(van Dommelen 2014). These patterns of movement can be difficult to discern archaeologically 
because migrants may rapidly adapt to the culture in which they migrate, making it difficult to 
detect a material culture trace (Halsall 2012). When migration is long distance, there should be 
more distinct changes in the archaeological record. Long distance migration entails leap-frogging 
(bypassing unfavorable destinations), migration streams along previously defined routes, and 
serial migration (segmented movements that make up a long-distance migration) (Anthony 1990).  
  
2.2.3 Applying a Migration Framework to the Langobard Migration 
Archaeological traces of the movement of the Langobards to Italy are scarce, but the 
presence of linguistic phrases and place names, written laws, artifact and burial rites, geochemical 
analyses on bone, and new settlement structures are combined to reconstruct a migrating 
population (Ausenda et al. 2009). For example, new wooden houses, similar to those in Langobard 
Pannonia, are constructed during the 6-7th centuries in the Veneto (Negrelli 2013). In addition, 
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Germanic artifacts are found in funerary contexts along the migration route from Pannonia to Italy 
(Bona 1976; Possenti 2001). Also, genetic and isotope studies have identified non-local migrants 
from central/northern Europe, which correspond with written accounts of Langobard movement 
(Amorim et al. 2018; Alt et al. 2014).  
Linguistic research has also identified the Langobard presence in Italy. The Langobard 
mother tongue is high western Germanic, with similarities to the Frankish and Gothic languages 
(Christie 1995; Green 2009). Langobard toponyms, personal names, and loanwords of 
Langobardic origin have been identified in Italy (Green 2009; Haubrichs 2009). For example, fara, 
meaning “settlement of family” has been textually recorded in Edictus Rothari (Langobard Laws) 
and Historia Langobardorum by Paul the Deacon (AD 787-789). Linguists have also examined 
loanwords that Italian has borrowed from Langobardic, including dialectical verbs such as faida 
(personal feud), and some Langobard proper nouns have been used as toponyms, such as Ogo and 
Ragino (Green 2009). Despite this evidence of a Langobard presence, there is still an open debate 
on why, how many, and who migrated.  
Scholars have debated the potential push and pull factors that influenced the Langobard 
migration. Some believe the Langobards were invited into Italy by Narses, an unhappy Byzantine 
army general, or by the imperial authorities who needed a population to reestablish economic 
progress and defend northern Italy after the fall of the Western Roman Empire (Christie 1995). 
The Langobards had previously fought for the Byzantine Empire to help reclaim parts of northern 
Italy. Northeastern Italy was especially important, as the Alpine corridor was the entrance into 
Italy from Pannonia, where the Byzantines were experiencing threats from the Slavs and Avars 
(Christie 1991, 1995; Pósán 2015; Sarris 2011). In addition, the Justinian plague (AD 566-7), 
removal of Byzantine forces (they were needed in the East), and religious unrest, all led to a 
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depopulation of the land. Thus, an invitation to the Langobards could have been viewed as an 
attempted renewal of economic prosperity, and provided defense while the Byzantines were forced 
to draw their attention to other provinces under attack (Christie 1991). The fact that there is no 
archaeological or historical evidence of Langobard resistance upon their arrival in the cities of 
Cividale, Aquileia, Treviso, and Verona, nor the flight of the indigenous population, support this 
claim (Kiszely 1979; Christie 1991, 1995; Rigoni 1995). If this hypothesis is true, the Byzantines 
underestimated the expansionist goals of the Langobards, which explains later conflicts in Pavia, 
Padua, and Monselice, further described in Chapter 3 (Christie 1991).  
A potential motivation for the Langobards to migrate into Italy was stress in the home 
region of Pannonia, coupled with the attractive circumstances in Italy. When the Langobards 
migrated into Pannonia, they encountered conflicts with the Gepids, neighbors to the East. The 
Byzantine Empire forced a treaty between these two groups, and requested their assistance in 
reclaiming northern Italy. However, changes in Byzantine leadership revoked this treaty, leading 
to conflict in Pannonia. The Langobards allied themselves with a new group, the Avars, to defeat 
the Gepids. After this, the Avars were the Langobards new neighbors in Pannonia, and their 
previous enemy, the Gepids, were still on their periphery (Christie 1995). Therefore, the 
Langobards could have been motivated to migrate because of potential war (Pósán 2015). In 
addition, a potential pull factor for the Langobards was the opportunity to claim fertile land in an 
area they personally knew from previous employment in the Byzantine army, providing them a 
migration stream (Anthony 1997; Christie 2006). Previous movement with the Byzantine Empire 
into northeastern Italy would have led to the crystallization of this route (Burmeister 2000). There 
was a consistent information-exchange network established with the Byzantines for decades, 
which is seen archaeologically through shared artifact styles (Christie 1995, 2006; Possenti 2014).  
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2.2.4 Migration Conclusion 
This dissertation utilizes a micro-theoretical approach to study migration within the 
Veneto, and employs the variables by Cabana and Clark (2011) and Anthony (1990, 1997). These 
variables include structure and scale, push-pull factors, impact, and distance. In addition, this 
research approaches migration from Anthony (1990) and Burmeister’s (2000) archaeological 
investigation of migration, to understand the zones of cultural exchange and interaction that 
occurred before, during, and after the arrival of the Langobard population, and the processes and 
effects of human movement (Hakenbeck 2008). This research is not focused on reconstructing 
identity or reinforcing binary dichotomies between Roman versus Langobard or Rome against 
barbaricum. Instead, it approaches the study of the Langobard migration and occupation from the 
post-processualist perspective of transformation. The goal is to interpret and understand the 
changes in material culture and dynamic nature of cultural interaction in the Veneto, through the 
use of scientific inquiry. This research looks to understand how migration affected the political 
economy in the Veneto through the exploration of foodways. 
 
2.3 Foodways in Archaeology 
 The study of food in archaeological contexts is explored through different theoretical and 
methodological approaches. During the rise of processualism in the 1970s, and prior, 
archaeologists were mainly concerned with the nutritional quality of foods, using a mostly 
behavioral-ecology perspective. This perspective was focused on biological needs (optimization 
and maximization of energy and nutrition), rather than on the socially motivated and ideological 
viewpoints of people in the past (Keene 1983; Twiss 2012). In the 1980s with the rise of post-
processualism, previous archaeological food studies were criticized for negating culturally specific 
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associations of food, activities, and meaning (Gumerman 1997; Twiss 2012). This critique spurred 
new theoretical approaches to studying food and social diversity. Practice theory, engendered 
archaeology, and Marxist and neo-Marxist approaches focus on different aspects of social diversity 
and food, including ethnicity and culture, gender, and politico-economics. These approaches often 
focus on small-scale studies (individuals, sites, households) where food has an active role (Saitta 
1998; Twiss 2012).  
 This research uses what was traditionally a Marxist approach, political economy, with a 
broader application. Political economy has a variety of meanings for different disciplines and 
contexts, and is used as both a theoretical and analytical tool. The theoretical perspective in 
archaeology uses a historic approach, with a focus on power and how it relates to the material 
culture of society (Cobb 2000). The analytical or descriptive approach looks at the production of 
the economy in relation to distribution, exchange, and consumption (Robotham 2005). This 
dissertation uses both approaches to describe the political economy in Italy and untangle the 
differential power relations involved with access to food.  
 
2.3.1 Political Economy  
 Political economy looks at society, inequality, politics, and culture across disciplines 
(Robotham 2005). This approach is widely used in economic, urban, biological, archaeological, 
and political anthropology, which analyze cultural history, class struggles and conflicts, ethnicity 
and gender, and economics and politics (Goodman and Leatherman 1998; Mrozowski 2018). 
Political economy uses a Marxist approach, which suggests that economic and political dominance 
of labor for the purpose of an elite, is the root of class conflict (Mrozowski 2018; Ortner 1984).  
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 Political economy recognizes the importance of context, and how political and economic 
decision-making lead to inequality and political struggles. These decisions impact economic 
resources and outputs and their essential distribution to the rest of society (Earle 1997; Gumerman 
1997; Hirth 1996; Koenig and Matejowsky 2015; Saitta 1998). Political economy takes a narrow 
focus on the local construction and shaping of power relations and control over the economy, and 
essentially people (Bang 2007; Earle 1997; Goodman and Leatherman 1998; Ortner 1984; 
Roseberry 1988). The anthropological approach to political economy is concerned with the social 
relations and institutions that control fundamental resources, and the ways in which social labor is 
mobilized through power (Earle 1997; Rosebery 1998). Chapters 3 and 4 of this dissertation 
describe the labor, technology, and production of food from the Roman period (1st century BC) 
through Late Antiquity (3-5th century AD) to the Early Medieval period (6-10th century AD) in 
Italy to reconstruct the political economy, and eventual changes due to political, social, and 
environmental influences in the Veneto.  
 
2.3.2 Political Economy as an Analytical Tool 
 Traditional approaches to studying political economy have been criticized as being too 
limited, because they focus on only economic and materialistic aspects of society, and less on the 
actual people (Ortner 1984; Roseberry 1988). Political economy is usually discussed in relation 
to the evolution of complex societies, and often only focuses on either production or distribution 
of resources as the mode of power (Hirth 1996). In addition, this Marxist approach is critiqued 
for neglecting the position and role of non-elites, assuming they lack agency (Mrozowski 2018). 
However, there are new approaches to political economy that broaden the scope and include how 
economic systems interact with social, political, and religious institutions (Twiss 2012). New 
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descriptions of a political economy incorporate the social institutions that govern behavior, 
which may not necessarily be economic in nature. Social institutions like religion, social norms, 
and ideology play an important role in economic decisions (Garraty and Stark 2010). These 
social institutions that govern behavior are explored through the material record and can be 
applied to regional and local contexts to understand how power relations are constructed and 
shaped (Matthews et al. 2002; Roseberry 1998).  
 A political economy develops through the social institutions and rules that govern the 
behavior of people (Johnson and Earle 2000). In archaeology, one way of studying political 
economy in a region is to look at the connection between agricultural processes and organization 
while taking into consideration power, control, inequality, and agency (Hirth 1996; Morehart and 
Eisenberg 2010). There are usually two models to study this, a “top-down” and “bottom-up” 
perspective. A “top-down” perspective focuses on the role of the state and agricultural landscapes, 
while a “bottom-up” looks at the organization of local communities and daily life (Morehart and 
Eisenberg 2010). Synthesizing these models provides important context when interpreting 
archaeological data. 
 Analyzing a political economy requires understanding the production, distribution, 
exchange, and consumption of food. People interact with food through a series of different 
processes, which include how they produce or acquire it, followed by how they process it, eat it, 
and discard it (Gumerman 1997; Twiss 2012). The production and preparation of food are usually 
based on supply and demand in complex societies, with subsistence labor fulfilling production 
needs (Crabtree 1990; Gumerman 1997). The producer is not always the consumer, as seen in 
Italy, and production is also influenced by the technology available, land, and water (Gumerman 
1997). In addition, food is social, with differential consumption based on social status, gender, 
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religious adherence, and other symbolic ceremonies (Gumerman 1997; Twiss 2012). This variation 
is reflective of power and status in stratified societies. For example, certain types of food, portions, 
and cuts of meat can define status between elites or commoners (Gumerman 1997). How food is 
regulated (market systems) reinforces these dynamics. Changes over time to these social structures 
can differentially affect foodways in these groups (Ross 1987). 
 Archaeological methods used to study political economy involve analyzing technology 
(tools, ceramics), faunal and botanical remains (butcher marks, demographics), land use and 
architecture (deFrance 2009; Gumerman 1997). In addition, skeletal analyses from human remains 
can provide direct patterns of consumption through stable isotope analyses (Gumerman 1997; 
Twiss 2012). Stable carbon and nitrogen isotope analyses work at the level of the individual, 
identifying what they ate, and not just what was available to consume (Twiss 2012). This method 
of analysis allows comparisons among social status, age, sex, geography, and across time to 
explore political economies (Alexander et al. 2015; Barrett and Richards 2004; Gumerman 1997; 
Reitsema and Vercellotti 2012).  
Political economy models have been applied to many archaeological and bioarchaeological 
studies in Italy and nearby regions to help understand relationships between resource utilization 
and consumption of food (Bourbou et al. 2011; Cheung et al. 2012; Goodman 1998; Muldner and 
Richards 2007; Prowse et al. 2005; Reitsema and Kozlowski 2013). Settlement organization and 
construction, faunal and botanical remains, material culture, and chemical and paleopathological 
analyses can reconstruct dietary production, distribution, consumption, and health (deFrance 
2009). Through the analysis of human remains and archaeological findings, insights into local 
populations and the larger political-economic structure may be deduced from dietary patterns and 
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mobility (Turner et al. 2012). Therefore, using stable isotope analysis is a useful approach to 
understanding the changes that occurred with the arrival of a new political power, the Langobards.  
 
2.4 Conclusion 
While some areas (UK) have extensively studied population movement and diet using 
skeletal analyses, central Europe and the Mediterranean are lagging behind. We are currently living 
in a politically charged climate, both in Europe and the United States, relating to immigration. 
Scholars of medieval research caution interpretations of migration to avoid the perpetuation of 
xenophobic narratives in modern contexts (Halsall 2012). Instead, archaeologists and historians 
should rethink a divided “Roman” and “barbarian” view, and analyze migration and culture change 
from an interlinked perspective (Halsall 2012). This is the goal of this dissertation, to provide an 
understanding of the complex histories and interactions of populations over an extended period of 
time. This research aims to identify possible migrants from the Langobard migration into Italy, 
and reconstruct the political economy using stable isotope analyses during Late Antiquity and the 
Early Medieval period. The following chapter outlines the culture history of Roman/Byzantine and 
Langobard populations to provide the necessary context for addressing this goal.  
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CHAPTER 3: CULTURE AND CHRONOLOGY 
 
3.1 Introduction 
From the beginning of the Roman Empire (1st century BC) through Late Antiquity (3-5th 
century AD) into the Early Medieval period (6-10th century AD), populations have been 
interacting, resettling, and colonizing the Italian peninsula, reshaping the political map and 
socioeconomic organization. The Roman Empire was comprised of a heterogeneous population, 
with immigration and migration throughout Italy and the Empire from expansion and slavery 
(Killgrove and Montgomery 2016; Scheidel 2005). During the first and second centuries AD, 
Rome expanded its empire into Spain, Britain, Gaul, the Balkans, the Near East, North Africa, and 
Asia Minor until its eventual collapse in the 5th century AD (Scheidel 2005). Of particular 
importance is a time known as "the Great Germanic Migrations" (4-6th centuries AD) (Goffart 
2009). It is during this time that the Roman and later Byzantines of Italy came into conflict and 
were eventually overrun by Germanic tribal groups from the northeast. These groups consisted of 
the Vandals, Ostrogoths, and the Langobards, who would go on to influence Italian history and the 
formation of modern nation-states in the medieval period (Delgou and Wickham 2009). Roman, 
Byzantine, and Germanic barbarian groups would interact across the frontiers of their empire for 
four centuries (Goffart 2009; Wickham 1981). Eventually, one group, the Langobards, would 
conquer two thirds of the Italian peninsula and establish an empire for two centuries (AD 568-774) 
(Christie 1991; Wickham 1981). 
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3.2 The Veneto 
A key area for these interactions is the Veneto, a prime location in the Western Roman 
Empire where many of the Germanic tribal groups entered Italy. Particularly for the Langobards, 
the Veneto is one of their first areas of residence when establishing themselves in the Italian 
peninsula, before eventually controlling the entire Po Valley and parts of central Italy (Tuscany, 
Etruria, Abruzzo, Molise) and southern Italy (duchies in Spoleto and Benevento) (Carrara 2012). 
The Veneto is currently the eighth largest region in Italy and comprises seven provinces: Venice 
(capital), Padua, Rovigo, Verona, Vicenza, Treviso, and Belluno. It borders Emilia-Romagna to 
the south, Lombardy and Trentino to the west, Austria to the north, and the Friuli-Venezia Giulia 
Region and Adriatic Sea to the east (Toniolo et al. 2012; Soldati and Marchetti 2017) (Figure 1). 
The Veneto includes the lower end of the Po Plain; a basin bounded by the Apennines to the south 
and Alps to north. In addition, Lake Garda (the largest freshwater lake in Italy), the Rivers Po and 
Adige, and the Venetian Lagoon are the main water systems in this water-rich area (Ciutti et al. 
2011; Soldati and Marchetti 2017).  
The Romans transformed the northern Italian landscape by constructing an organized 
network of urban centers (Bonetto 1998; Bruno et al. 2013; Cheyette 2008). The Veneto contains 
two main roads built during the 1st century BC, the Via Postumia (east-west across the Po Valley), 
and the Via Aemilia (along the boundary of the Apennine chain), which were used for trade and 
communications (Bonetto 1998; Bruno et al. 2013). The Veneto was a prime economic area during 
the Roman Empire, as the Po Plain lands are flat and fertile, with natural river systems making this 
region an ideal location for agricultural production (Bonetto 1998; Negrelli 2013; Visona 2014). 
The Po Plain and Apennine mountains eventually contained some of the largest and wealthiest 
cities including Milan, Pavia, Verona, and Ravenna. Milan and Ravenna were capitals under the 
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Romans, and Pavia was the capital for the Langobards. Settlements consisted of farm buildings 
located in the floodplains that were organized in subdivisions near important Roman roads, and 
produced mainly grain and wine for local markets (Bosio 1984; Negrelli 2013; Ruggini 1987). 
Everyday pottery was locally produced, such as amphora for oil or other food and wine, and 
common wares (distributed in Verona, Lombardy, Vicenza regions) (Visona 2014). Material goods 
such as coins, oil lamps, cereals, Aegean ceramics, Phoenician wares from Asia Minor, and 
African wares were imported into Italy, and found at many sites (Lake Garda, Vicenza, Verona) 
(Fulford 1992; Ceglia 2008; Visona 2014). 
 
 
Figure 1. Map of the Veneto; inset: its location in Italy, modified from Google Maps (2019) 
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Deforestation from Roman agricultural systems created soil erosion and the fluvial 
aggregation of sediment, which eventually contributed to the breakdown in economic production 
(Bruno et al. 2013). With the arrival of the Langobards, a new economic system was instituted in 
northern Italy, reinvigorating the Italian economy, and influencing the formation of one of the 
biggest ports in the medieval period, Venice. This chapter summarizes the historical and 
archaeological information of the Roman and Langobard populations, and their eventual clash in 
the Veneto. It outlines the Germanic migrations, and the social, political, and economic changes 
that occurred from the Roman to the Early Medieval period. 
 
3.3 Roman Period (1st century BC to 3rd century AD) 
3.3.1 The Romans  
Roman society during the Imperial era was hierarchical with priests and later Christian 
clergy, aristocrats (established families), merchants, artisans and farm keepers, liberati (freed 
slaves), and slaves. It was politically organized into an emperor, government senatorial officials 
(in urban cities), and local officers (Garnsey 1998; Hearder 2001; Wickham 1981). Less than two 
percent of the population were of higher class, and the majority were artisans and farm keepers, 
liberati, and slaves (Bang 2007; Garnsey 1999; MacMullen 1974; Spurr 1983). Settlement 
organization reflected these social hierarchies of the time. The smallest unit was a house, followed 
by a farm, and the opulent villa. Houses formed the vicus (a neighborhood or settlement), and these 
formed towns (Verreyke and Vermeulen 2009). Roman villas were home to the elite, while small 
farms or nucleated villages were usually occupied by the lower class (Ghisleni et al. 2011). In rural 
areas, houses were part of rural farms (villa rusticae) that were adjacent to production areas, 
storehouses, gardens, and agricultural plots. The general organization of rural Roman settlements 
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consisted of dense networks of farms and villas on well-positioned hill ridges, slopes, and near the 
edges of plains (Verreyke and Vermeulen 2009). In urban areas, private homes (domus), multistory 
housing (insula), temples, markets, government buildings, and public baths were common (Bruno 
et al. 2013).  
Land and the ability to organize labor to work the land formed the basis of wealth during 
the Roman Empire. Roman colonies emerged early, due to the dislocation of farmers in the military 
(they enlisted to pay their taxes). Landowners originally owned small farms and worked the land 
in a self-sufficient-economy (production for need with small surpluses), until they were forced to 
sell to wealthy families managing large latifundia (large estates), because they had no one to work 
the land. This change in ownership transformed the way land was utilized for economic purposes, 
with the elite creating a maximizer economy (exploit land and labor), with significant surpluses to 
sell (Bang 2007; Christie 2006; Cunliffe 1988; Hearder 2001; Jeffers 1999). A new labor source 
(slaves from war) took over for the decline in local labor and by the 2nd century AD, Rome was an 
agricultural slave society (Cunliffe 1988). Agriculture shifted from mixed farming to a 
monoculture, where a few crops were produced in bulk, including an arboriculture with cereals, 
vines, and olives grown together (Cunliffe 1988).  
Cities were the commercial production sites for exported ceramics, olive, wine, and garum 
(a fish sauce) while the rural communities supplied the urban centers with commercial grain, pork, 
and other meats. Excavations of floor granaries and cisterns, and faunal refuse pits with high 
percentages of pig confirm this (Ceglia 2008; Cheyette 2008; Cunliffe 1988; Ghisleni et al. 2011; 
King 1999; Salvadori 2011). Urban centers with markets were used for the exchange of material 
goods and food while local Roman markets ensured the exchange of commerce, labor, and 
agricultural surplus (Alcock 2006; Hearder 2001; Salvadori 2011; Woolf 1992). At its peak during 
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the 2nd and 3rd centuries AD, the Roman economy flourished from trade (grain, slaves, gold, iron) 
with the northern Provinces (Gaul and Britannia), the Near East, and North Africa and their own 
production and exchange markets (Cunliffe 1988; Wickham 1981).  
These economic processes were part of a sexual division of labor (Bitel 2002; Prowse et 
al. 2005). Men participated in the building trade, wool industry, pottery production, brick industry, 
metalworking, carpentry, fishing, and occupations related to the function of ports (Bitel 2002; 
Garnsey 1998; Prowse et al. 2005). During the Roman period, elite women were under the legal 
supervision of their fathers until marriage. They generally did not have any land rights, and 
marriage contracts required the grooms to pay for legal authority over the women (Christie 1995). 
Women mostly participated in domestic activities. They collected water, laundered in the rivers, 
produced cloth, and performed house/farmyard work such as milking, cooking, and bread-making. 
Some women helped their husbands in the fields by weeding, harvesting, and sowing, though these 
were seasonal duties. Additionally, women sometimes took surplus products, such as cloth, bread 
and eggs to the market (Bitel 2002). If a woman was unmarried, she would participate in low status 
jobs, and work either in her own household or other households, workshops, or farms. If a woman 
was married, she would participate in brewing and weaving, and could participate in the larger 
markets (Bitel 2002; Garnsey 1998). 
 
3.3.2 The Langobards 
The Langobards were believed to be a subset of an earlier Suevi tribe living in the Rhine-
Elbe territory (Lower Saxony) around the 1st century AD (Paul the Deacon, Historia 
Langobardorum ca. AD 787-789; Drew and Peters 1973; Kiszely 1979). They originated as small 
tribal subgroups throughout their journey from the Lower Elbe towards Pannonia, but would 
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transition to a larger kingdom in the Danube (Christie 2009; Cunliffe 1988). Historical evidence 
suggests that early Germanic tribes were organized into clans and patrilineal lineages connected 
through biological descent referred to as fara (Costambeys 2009; Cunliffe 1988). Initially, 
Germanic tribal society was somewhat equal, with allotted territories by tribal leaders and no claim 
to private lands. Eventually, a wealthier class of soldiers emerged and gained power, with land 
distributed according to social status (Bona 1973; Cunliffe 1988). Tribal kin groups and warrior 
aristocracies would form the backbone of armies under elected chiefs, suggesting a hierarchical 
system based on economic, social, and political roles (Brather 2009). Generally, these groups lived 
in scattered, undefined farmsteads and villages/hamlets that were close to cemeteries and produced 
simple and handmade pottery with occasional Roman imports (Christie 1995).  
Cultivation and stock rearing, mainly cattle, were the dominant element of the early 
Germanic economy north of Italy, with lands partitioned by the community (Brather 2009). 
Regional exchange most likely occurred for agricultural products and raw materials (Brather 
2009). The only indication of a division of labor was recorded by the historian Tacitus: 
“A German is not so easily prevailed upon to plough the land and wait patiently for harvest 
as to challenge a foe and earn wounds for his reward. The boldest and most warlike men 
have no regular employment, the care of house, home, and fields being left to the women, 
old men, and weaklings of the family” (Tacitus AD 98). 
With the importation of Roman goods into Germanic settlements around the 1st century 
AD, referred to as "Market Zones" in the secondary literature, social stratification increased 
amongst Germanic groups (Christie 1995). The concentration of Roman goods in the Danish 
Islands and Bohemia (gold and silver coins and bronze table wares), the circulation of prized 
Scandinavian commodities (amber and fur), and barbarian commodities (cattle, slaves) confirm 
38 
 
this period of intense trade (Christie 1995; Cunliffe 1988). Germanic noblemen controlled the flow 
and distribution of goods and redistributed wealth to maintain power (Christie 1995). At this time, 
stock-rearing and population growth were increasing (Cunliffe 1988). However, Germanic 
upheaval in western central Europe by Marcomannic invasions and German campaigns (such as 
by Marcus Aurelius in the Roman Empire AD 164-80) cut off market relations, and Germanic 
elites lost wealth leading to tribal conflict and migrations to the south. This resulted in Germanic 
populations spilling into Roman territories in the Danube around AD 160-170 (Christie 1995; 
Cunliffe 1988; Kiszely 1979).  
The conflict with the Romans caused the migration of the Langobards and other Germanic 
groups south into Roman territories across the Danube (Christie 1995; Kiszely 1979). The 
Langobard settlement in Germany was hard to trace for the next centuries, though movement 
continued south along the course of the Elbe (Christie 1995, 2009; Wickham 1981). During this 
time, the Roman Empire experienced multiple invasions, disturbing its social, political, and 
economic stability. 
 
3.4 Late Antiquity (3-5th century AD) 
3.4.1 Conflicts 
During the 3rd century AD while the Langobards were migrating through Germany, the 
Roman Empire was under repeated attack along the frontiers (Rhine and Danube) by the Goths, 
Vandals, and Alamanni requiring the construction of fortifications in northern Italy beginning in 
AD 268 (Christie 1995). During the 4th century AD, Milan, which was now the administrative 
center of Italy, had fortified barriers erected to control invading groups from the Alpine passes, 
while Christian Emperors in Ravenna reinforced their land with a highly mobile Adriatic fleet 
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(Brown 2009; Christie 1995, 2006). However, the Visigoths entered Italy and sacked Rome in AD 
410, causing the imperial capital to shift to Ravenna. Meanwhile, the Vandals took key provinces 
in North Africa in AD 430s, breaking important Roman trade networks, and sacked Rome in AD 
455 (Christie 1995; Wickham 1981). The Empire lost its western provinces due to Germanic tribes 
advancing and occupying Spain (Visigoths), the Vandals taking Africa, and the Huns ravaging the 
northern periphery and interior (Mitchell 2007). In AD 476, the Western Roman Empire collapsed 
and the Roman federate commander, Odoacer (AD 476-493), became King (Christie 1995).  
Odoacer was succeeded by Theodoric of the Ostrogoths (AD 490-526), who became the 
first barbarian King of Italy in the 5th century AD (Arnaldi 2005; Christie 1995; Wickham 1981). 
Theodoric entered Italy through Friuli, moving along the Via Postumia road to Oderzo and then 
Verona, establishing Verona as an important city for defense and communication. The Veneto was 
established as a vital province during Gothic (and later Langobard) rule (Bonetto 2009; Wickham 
1981). Meanwhile, the Langobards migrated south-east from Germany to Bohemia, or modern-
day Czech Republic early in the 5th century AD, with documented conflicts with the Huns (Christie 
1995; Bona 1976).  
 The Langobards moved into northeast Austria, also known as the Rugiland, in AD 489 
with occupations into the 6th century AD (Brather 2009; Bona 1976; Christie 1995; Kiszely 1979; 
Paul the Deacon, Historia Langobardorum ca. AD 787-789). They would eventually expand into 
the Feld, or western Slovakia where they encountered the Heruls, resulting in a battle on the Feld 
around AD 508. The Langobards were victorious, becoming the dominant power in north-west 
Pannonia, and incorporated many of the surviving Heruls into their population (Bona 1976; 
Christie 1995). The Langobard territory at this point included the southeastern part of the Czech 
Republic, northeastern Austria, and eastern Slovakia, becoming neighbors with the Gepids. The 
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Langobards would migrate south in the mid AD 520s into north-west Hungary, encountering areas 
of the old Roman Empire and eventually come into contact with the Franks, Ostrogoths, Gepids, 
Avars, Slavs, and the Byzantine Empire (Figure 2) (Bona 1976; Christie 1995; Kiszely 1979; 
Wickham 1981).  
 
 
Figure 2. Map of Langobard migrations from Scandinavia to Italy, modified from Google Maps 
(2019) 
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3.4.2 Economic Decline 
During this time of conflict in Italy, taxes were collected by the Roman state from the 
populace for funding the military, developing defense systems, and buying off invading groups. 
Land taxes were necessary to pay for defense against barbarians occupying frontier provinces 
(Gaul, Spain, North Africa) (Cunliffe 1988). Military operations took over rural sites, confiscating 
food and contributing to famines and the depopulation of the countryside (Verreyke and 
Vermeulen 2009). The state essentially had to enlist the aid of aristocratic elite landowners to fund 
these endeavors, which increased the transferal of power from the state to the aristocrats, leading 
to military rebellions and the succession of barbarian leaders (Odoacer and Theodoric) (Bang 
2007). The barbarians would demand one-third of Italian land, which was largely owned by the 
senatorial class and concentrated in northern Italy (Verona and Pavia), while reducing the tax 
burden on the lower class (Wickham 1981).  
At this time, northern Italy displayed a pattern of abandonment and population 
reorganization, with the modification and restructuring of previous residential buildings for 
production (Cheyette 2008). A decline in political and economic stability was noticeable from a 
lack of new building developments (such as private and public buildings and baths) and the 
migration of people into fixed fortified settlements, or castra (hillfort settlements). Remnants of 
fortification walls constructed around cities and garrisons from the 5th century AD in Friuli, 
Vicenza, Aquileia, and Lake Garda, support historical reports of protection from invading 
Germanic tribes (Christie 2006; Saggioro 2001; Shulz 2010). In addition, small and medium sized 
farms in northern Italy (Lake Garda, Vicenza, Bologna) disappeared, a result of the collapse in 
commercialized agriculture and the besiegement of the Po Plain (Bruno et al. 2013; Cheyette 2008; 
Ghisleni et al. 2011; Verreyke and Vermeulen 2009). Settlements that did survive were focused 
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around one or two urban spaces, and near churches (Brather 2009; Cheyette 2008; Christie 2006; 
Saggioro 2001; Valenti 2009). Archaeological surveys and ceramic analyses show that around 
82% of Roman sites were occupied in the 2nd century AD, with only 19% in the 5th and 6th centuries 
AD (Cheyette 2008; Potter 1979). As Roman infrastructure declined, new building projects were 
not top priority, except for the church. The construction of new churches was found in southern 
Italy beginning in the 4th century AD (e.g., Cathedrals such as Terracina, Isernia, Syracous, and S. 
Ansano), and the church was well established in northern Italy by the 5th century AD (Christie 
2006, 2009; Ward-Perkins 1984).  
Changing climatic factors also occurred during this period of reorganization (Christie 1995; 
Forlin 2013; Hodges 2010). The Dark Age Cold period (transitional period from Antiquity to the 
Early Middle Ages), led to an increase in rainfall and cooler temperatures by 1° C (North Atlantic 
Oscillation; Fusia et al. 2005). This climate change was documented across Europe through oxygen 
isotope data from stalagmites from the eastern Alps (Cheyette 2008; Forlin 2013; Frisia et al. 2005; 
Holzhauser et al. 2005). According to paleoclimate data from NOAA, increased flooding occurred 
in the summer and autumn, and geoarchaeological evidence shows thick alluvial layers and 
significant alluvial flows and slope instability between the 5th and 7th centuries AD. Flooding 
events led to the dislocation of the native population from waterlogged river valleys before the 
Langobard arrival (Bruno et al. 2013; Cheyette 2008; Forlin 2013; Gilli et al. 2013).  
All of these factors contributed to the decline of international trade and large urban markets 
in cities and decreasing economic exchanges between the city and countryside (Cheyette 2008). 
The maintenance of internal order was placed on local communities with small militias and guards, 
and cutoffs in international trade led to the reliance on local production (Bang 2007; Bitel 2002; 
Christie 1995, 2006; Hodges 2010). Roman imports become less predominant in frontier locations 
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(seen in Pannonia in 5th century AD), and imported ceramics in Italy (African and Eastern wares) 
decrease, resulting in an increase in localized production (Ceglia 2009; Christie 1995, 2009; 
Salvadori 2011; Valenti 2009; Verreyke and Vermeulen 2009; Ward-Perkins 2005). For example, 
in the Veneto, ceramics for cooking and eating (casseroles, bowl, lids, storage jars) were locally 
produced with evidence of regional exchanges, and less evidence of imported ceramics (Verreyke 
and Vermeulen 2009).  
The immediate impact of the invasions during this time was a discontinuation of long-
established services, such as repairs to aqueducts, enforcement of laws, personal protection, and 
access to resources (Cheyette 2008; Negrelli 2013). Archaeological evidence of economic 
abandonment in the rural landscape can be seen in the lack of maintenance of roads and ditches. 
Drainage systems were filled with alluvial soil, and cultivated fields were no longer maintained 
(Cheyette 2008). Many Roman villas reorganized and renovated living spaces into 
craft/manufacturing sites (Negrelli 2013). In Vicenza, the site of Sovizzo showed a large rustic 
villa that was modified in the 5th century AD from a residential area to metallurgical production 
(Negrelli 2013). Other sites show evidence of oil presses, pottery kilns, ironworking furnaces, 
grain driers, and cisterns added to villas and bathhouses (Verreyke and Vermeulen 2009). This 
reorganization significantly changed urban production, as some cities switched to stock raising or 
artisan production to become more self-sustainable (Arnaldi 2005; Bitel 2002; Ceglia 2008; Manzi 
et al. 1999; Valenti 2009).  
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3.5 Early Medieval Period (6-8th centuries AD) 
3.5.1 Langobard Migration into Italy  
While Italian populations were undergoing economic stress, the Langobards were 
occupying Pannonia (modern day Hungary) expanding in AD 526 to its southern boundaries. The 
Ostrogoth King Theodoric died, leading to internal troubles in Italy with the Byzantines 
capitalizing on this instability (Christie 1995; 2006; Mercuri et al. 2009). In AD 530, the Byzantine 
leader Justinian formed allies with Germanic tribes, including the Langobards, to secure easy 
access to northeastern Italy. The Langobards proved their allegiance to Byzantium by denying 
assistance to the new Ostrogoth King, and Byzantium underwent twenty years of Gothic wars (AD 
535-554) (Bang 2007; Bona 1976; Christie 1995; Mitchell 2007).  
At the same time, in AD 546/7 the Gepids, neighbors to the east, raided imperial lands 
leading Justinian to give the Langobards strongholds in Pannonia to counter this potential threat. 
These gifted lands included parts of Austria, Slovenia, and Hungary (Bona 1976; Christie 1995, 
2006; Pósán 2015). At this point, there were multiple barbarian tribes utilized by Justinian, which 
included the Langobards, Heruls, Huns, and Gepids, who were at different points in time in conflict 
with one another. The Gepids and Langobards sparred on several occasions, with the biggest battle 
in AD 552, which led Justinian to force a peace treaty (Bona 1976; Christie 1995). The treaty made 
the Langobards and Gepids provide mercenary troops to Narses, the Byzantine army commander 
in Italy (Bona 1976; Christie 1995, 2009; Pósán 2015). Many scholars see this as a grave mistake 
by the Byzantines, as it gave the Langobards a taste of Italian lands (Bona 1976; Christie 2006; 
Wickham 1981). 
The Byzantines conquered the Goths in AD 563 reclaiming the Veneto, but north of the Po 
Plain was resisted by native Italians with the help of the Franks from Gaul. The Franks would 
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eventually surrender Brescia and Verona to Byzantine forces (Bona 1976; Bonetto 2009; Christie 
1995; Kiszely 1979; Wickham 1981). In AD 544, Justinian regained the Italian peninsula and 
North Africa, neighboring with the Langobards who by AD 565 were established in Slovenia and 
Croatia (Bona 1976; Christie 1995; Sarris 2011). With the death of Justinian in AD 565, the new 
Byzantine ruler Justin II relieved the Italian commander Narses of his post in Italy, provided 
assistance to the Langobards’ rival, the Gepids, and cut off the Langobards from Byzantine trade 
(Bona 1976; Christie 2009; Pósán 2015; Rubini and Zaio 2011). This resulted in the Langobards 
allying themselves with a group of new nomadic horsemen from Central Asia, the Avars, crushing 
the Gepids in AD 567. The Langobards ceded Pannonia to the Avars and headed in the opposite 
direction under King Alboin to capitalize on Byzantine weaknesses in Italy (Bona 1976; Christie 
1995, 2009; Sarris 2011; Wickham 1981).  
The exact demographics of the Langobards that arrived in Italy are unclear, as conquered 
Gepids and Heruls, Thuringians, Bulgars, Romans, families, women, children, and warriors moved 
into northern Italy (Bona 1976; Christie 1995, 2009; Kiszely 1979). Estimates by Paul the Deacon 
range from 80,000-200,000 adult males, and up to 400,000 total people, although Christie (1995) 
suggests a more conservative figure of 150,000. In addition, in AD 568, the Saxons joined the 
Langobards, providing an extra 20,000 individuals on their raids into Italy; however, they would 
go on to raid the Frankish Kingdom in Italy and then return home (Christie 2009). Gallic works 
by Marius of Avenches (Chronica c. 580-590) and Gregory of Tours (Histories c. 590) describe 
the Langobards who left Pannonia as brining their families with the intention of being settled, with 
the Langobards occupying Italy in fara, or family-based military bands (Fabbro 2015). What is 
unclear is if the whole population migrated at once or if it occurred in multiple waves (Pósán 
2015).  
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All historical records indicate that the Langobards started their migration into northern Italy 
AD 568, moving south-east through the Julian Alps into Friuli along Roman roads, where they 
established their defense forces by AD 569 in Cividale del Friuli (Bona 1976; Christie 1991, 1995; 
Paul the Deacon; Pósán 2015; Wickham 1981). There is no documentation of Italian resistance, as 
Friuli was essentially abandoned by the Romans before AD 400 for more inland defenses (Kiszely 
1979; Christie 1991, 1995; Rigoni 1995). The early years of the Langobard migration into Italy is 
poorly documented, with one account of the early conquest as: 
“At Easter in the 1st indiction Alboin himself led the Langobards from Pannonia to Italy. 
In the 2nd indiction they began to overrun Italy. But by the 3rd indiction they had become 
masters of Italy” (prologue to King Rothari’s law code of 645). 
And another by Gregory the Great in AD 563: 
“Cities plundered, camps destroyed, churches burned, male and female monasteries 
demolished. Houses abandoned by their inhabitants and left empty by farmers. Beasts have 
occupied those places previously populated by multitudes of people” (Barbiera and Dalla 
Zuanna 2009).  
The Langobards established a Dukedom in Friuli, and slowly advanced west into the Po 
Plain from AD 569-573. They moved through Aquileia through Treviso, Vicenza, Verona, the 
imperial capital of Milan, and most of Liguria (Paul the Deacon, Historia Langobardorum ca. AD 
787-789; Rigoni 1995; Verger 1993). The Langobards continued to expand across the Apennines 
into Tuscany (AD 570-1), eventually consolidating their territory and besieging Pavia after three 
years in AD 572 (Christie 1991; Wickham 1981). They established over 30 dukedoms in areas 
they conquered, which forced the Byzantine populations to Rome, Ravenna, and other coastal 
zones (the Venetian lagoons) (Bonetto 2009; Christie 1995). Thus, the maritime Venetia along the 
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Venetian lagoon separated the Byzantines from inland populations under Langobards’ control 
(Bonetto et al. 2009; Christie 1995; Shulz 2010; Verger 1993).  
The Langobards established the first capital of their Kingdom in the late 6th century AD in 
Verona, before moving it to Milan shortly thereafter. Milan was located near a wide network of 
roads, which was ideal for communication across the Kingdom (Christie 1995). They captured 
Lake Como in AD 588 and areas near Lake Garda, helping to control traffic along the lakes 
(Christie 1995; Wickham 1981). Beginning in AD 591, the Langobards established important 
duchies in central and southern Italy in Lucca, Spoleto, and Benevento, and controlled the main 
road of Via Flaminia further dividing the imperial territories and forcing them to rely on coastal 
communication and imports (Christie 1995; Cunliffe 1988; Verreyke and Vermeulen 2009). The 
Langobards eventually captured Padua and Monselice from AD 601-603 after a Byzantine struggle 
(Bonetto 2009; Verger 1993). In the AD 620s, the Langobards moved their capital to Pavia (south 
of Milan), which lasted until the Langobards demise. The Langobards would renew their 
campaigns against the Byzantines on the coast beginning in AD 636, capturing Liguria to the 
northwest and Altino and Oderzo to the northeast near Venice in AD 639 (Verger 1993). A formal 
peace treaty was signed with Byzantium in AD 680 (Christie 1995, 1990; Paul the Deacon, Historia 
Langobardorum ca. AD 787-789; Shulz 2010).  
As a result of the Langobard conquests, the Veneto was restructured into four duchies: 
Verona, Vicenza, Treviso, and Ceneda (near Vittorio Veneto) (Verger 1993). The Byzantines 
would retain control of Rome, Naples, Ravenna (until the 8th century AD), and establish new 
centers in the Venice area (Torcello, etc.) beginning in the late 7th century AD (Bonetto 2009; 
Kiszely 1979). The Byzantine Empire was thus divided into 3 parts: southern Italy and Sicily under 
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the empire; Rome under papal influence; and Ravenna (Figure 3) (Paul the Deacon, Historia 
Langobardorum ca. AD 787-789).  
In the 8th century AD, the Byzantines enlisted the aid of Charlemagne, who had a united 
kingdom in Carolingian France, to reclaim Italy from the Langobards. Charlemagne besieged the 
northern Langobard Kingdom, Pavia and then Verona in AD 773-774, before eventually moving 
south to concur the rest of Langobard Italy by AD 787. Charlemagne allowed the existing 
Langobards in power to retain their posts until death (Christie 1005; Wickham 1981).  
 
 
Figure 3. Map of Langobard (circled in red) and Byzantine Italy (Ravenna, Rome, Sicily), 
modified from Google Maps (2019) 
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3.5.2 Roman and Langobard Society in Italy 
The Langobards made up an estimated 8% of the population where they settled, creating a 
heterogeneous population of Romans, Byzantines, and remnants of previous invasions (Barbiera 
and Dalla-Zyanna 2009; Wickham 1981). Some historians believe the Langobards assimilated into 
the existing Roman culture, while others suggest there was a mutual assimilation, with redefined 
social and economic processes (Bona 1976; Christie 1995; Wickham 1981; Valenti 2009). Much 
of what is known about Roman and Langobard society was recorded in their own law codes (AD 
643-755), and Paul the Deacon’s History of the Langobards (Paul the Deacon, Historia 
Langobardorum ca. AD 787-789).  
Kings (based in Pavia) and their court (gestalds and Lords), made up the top of the 
hierarchy. Dukes held significant power throughout the Langobard territories (over 30 dukedoms 
were established), and eventually became army commanders with the emergence of the gestalds 
(royal appointees and judges whose duty was to look after royal interests) (Christie 1995; Paul the 
Deacon, Historia Langobardorum ca. AD 787-789). This hierarchy was reflected in settlement 
organization, as cities were occupied by the Langobard aristocracy, and were the natural 
strongholds and foci for local politics (such as Verona, Vicenza, Treviso) (Bonetto et al. 2009; 
Wickham 1981). Settlements in Milan, Pavia, Brescia, Verona, and Friuli were heavily occupied 
by the Langobards, with summer retreats and hunting lodges recorded in the countryside (Christie 
1995; Wickham 1981). Other Langobard nobility lived in more rural settlements with farms and 
craft production areas, and avoided the more urbanized townscapes (Brather 2009). Those who 
served as judges received grants of royal land for their service. They tended to live in peripheral 
frontier duchies (such as in Friuli) and sub-Alpine castra, so they were established near central 
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places, and organized around the largest fortresses. New centers established within dukedoms were 
rural locations near roads, which was their attempt to repopulate abandoned lands (Valenti 2009).  
In addition, there was a restructuring of settlement patterns consisting of the centralization 
of production centers, castles, and villages, with newly constructed wooden huts (Negrelli 2013; 
Valenti 2009). In the urban Roman towns of Brescia, Verona, Vicenza, and Milan, the Langobards 
constructed wooden houses dating to the 6th and 7th centuries AD built on previous Roman 
foundations or erected on wooden beams (Brather 2009; Negrelli 2013; Valenti 2009). These were 
generally small or medium-sized and were either built from reused materials from abandoned ruins 
or out of wood (Valenti 2009). Examples were settlements located in Verona and Vicenza during 
the 7-8th centuries with a marked concentration of people in villages (Negrelli 2013). In other areas, 
native settlements were mostly left to resume practices as normal, with minimal Langobard 
supervision (Christie 1995). 
The Langobard law codes described the freemen (liberi, homines, excercitales, and 
arimanni), or "pure" Langobard citizens, as those who formed the backbone of the Langobard 
army, while women were legally dependent on their male kin (Christie 1995; Bona 1976; 
Costambeys 2009; Wickham 1981). Male soldiers were required to be equipped with certain 
weapons, which was also broken down by status within the freemen class. For example, class 1 of 
the freemen had to possess a horse, mail coat, shield, and lance; class 2 a horse, shield, and lance, 
and; class 3 a quiver, bow, and arrows (Bona 1976). What remained unique about Langobard 
society in Italy was the association of aristocratic status with the military (Wickham 1981). 
Military warriors would often live in civitates (planned civilian towns), castra (forts) or vici 
(garrison towns) (Brather 2009).  
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At the lower end of society were the half-free and slaves, which included the local and 
Langobard populations (Christie 1995; Ward-Perkins 2009; Wickham 1981). The half-free, or 
servant class, was comprised of previously conquered Germanic peoples (ex. Heruls). They served 
as heads of household staff and farm overseers, enlisted in the military when needed, and could 
hold their own property and own horses, oxen, or cows (Bona 1976; Christie 1995; Paul the 
Deacon, Historia Langobardorum ca. AD 787-789). Slaves, though they had no rights, could hold 
plots of land and farm for masters, were ox-ploughmen, and swine-, cattle-, goat-, and ox- herders. 
Artisans and traders were rarely in written text, though there were occasional references in 
Langobard laws for magistri commacini (craftsmen), who constructed houses, wells, and marble 
ornamentation (Ward-Perkins 2009). 
The Byzantine areas of Italy resembled the new Langobard state with fortified frontier 
towns and permanent garrisons and militarized cities (Wickham 1981). Within these territories 
(Ravenna, Rome, Naples), the Byzantines took on the Langobard sociopolitical structure, where 
military personnel became the most powerful (Wickham 1981). This led to military official’s 
acquisition of land that belonged to small farmers, creating a system where the aristocracy lost 
status and the military and church gained access to land (Paul the Deacon, Historia Langobardorum 
ca. AD 787-789). Many local and Byzantine residents populated new areas along the Venetian 
lagoon, which eventually led to the formation of Venice (Gelichi 2007).  
Archaeological evidence of the Venetian Lagoon expansion is in the developments of the 
towns of Comacchio, Chioggia, and Torcello from the 5th century AD. These towns had their own 
socio-economic production centers and church life, and created a foundation of Venice in its 
current setting (Ammerman et al. 2017; Negrelli 2013; Shulz 2010). Popes and bishops took over 
the senate and civil administration since the military was focused on defense. The perseverance of 
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church life through time in Byzantine territories near the Venetian Lagoon (e.g., Santa Maria 
Assunta in Torcello, Santi Maria e Donato on the island of Murano) was evident from Byzantine 
church remains (floor mosaics) and excavations of rural and urban church foundations (Christie 
2006; McGregor 2008). Many of the Late Antique churches in urban and fortified areas were 
untouched, and archaeological evidence of Christian accessories such as church plates, reliquaries, 
box alters, and lamps show the Romanized indigenous populations were still allowed to practice 
Christianity under barbarian rule (e.g., Santa Maria in Liguria) (Christie 2006).  
Historical records depict the Langobards as religiously flexible, unlike their Byzantine 
counterparts who on multiple occasions enacted bans on religious worship, and ousted the Pope 
(Christie 1995; Paul the Deacon, Historia Langobardorum ca. AD 787-789). It was common for 
two bishops, an Arian and Catholic, to reside in most cities (Paul the Deacon, Historia 
Langobardorum ca. AD 787-789). Archaeological evidence of barbarian influence (Ostrogoths, 
Langobards) is in the construction of Arian churches next to Orthodox Christian churches within 
the same urban setting (e.g., Pavia). With their conversion to Catholicism in the late 7th to 8th 
centuries AD, the Langobards constructed churches, gestalt palaces, nunneries, and monasteries, 
with excavated cemeteries found near churches (e.g., Friuli, Pavia, and Verona) (Christie 1995, 
2006).  
In the 8th century AD, the Langobards were defeated by Charlemagne and the Franks; 
however, Langobard political institutions were preserved until the 9th century AD. The Langobards 
in northern Italy became a sub-kingdom under the Frankish Empire, which slowly changed the 
Langobard socio-political structure (dukes became counts). However, the rules established by the 
Langobards, remained in place. In the south, the duchy of Benevento would keep its independence 
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from the Frankish state, retaining Langobard socio-political traditions for three more centuries 
(Arnaldi 2005; Christie 2006; Wickham 1981, 2009).  
 
3.5.3 Economic Changes 
Scholars suggest that the arrival and settlement of the Langobards corresponded with the 
collapse of the traditional Roman production system and settlement patterns (Christie 1995; Forlin 
2013). However, Italian populations in northern Italy were experiencing harsh taxation, Byzantine 
military presence and authority, remnants of previous barbarian invasions, political abuse from 
great landowners, and bouts with the plague and natural disasters before the Langobard arrival 
(Pósán 2015). This is supported by archaeological evidence in northern Italy, which shows that 
agricultural areas were abandoned, with the development of woods, lagoons, and marshes (Bosi et 
al. 2015). In essence, the Langobards took over an economically weak area that was disconnected 
from the Mediterranean in the 6th century AD, and transformed the Italian landscape (Fabbro 2015; 
Verreyke and Vermeulen 2009).  
Langobard rural settlements integrated within a mixed farming system during the late 6-7th 
centuries AD (Forlin 2013). Paleoenvironmental data shows that with the introduction of the 
Langobards in Trentino (north of Verona), there was a disaggregation and new pattern of land use 
(Forlin 2013). Areas in this settlement that were considered abandoned were part of a reforestation 
process to convert the landscape for wild farming practices and wood exploitation (Forlin 2013). 
A shift from specialized cereal production and cattle farming to a mixed “wild” farming system 
took place. This included the planned conversion of agricultural areas traditionally used for 
market-oriented wheat production to forests and pastures for sheep and pig grazing, and the 
cultivation of inferior grains, such as rye, flax (also produced in Pannonia by the Langobards), and 
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buckwheat (Cheyette 2008; Forlin 2013). This land transition is also found in the Lavarone basin 
(AD 570-655) north of Verona where pollen analysis confirms a new forest management system 
suggesting new pastures were created with the Langobard settlement (Arpenti and Filippi 2007; 
Forlin 2013). Thus, traditional ideas of abandoned cultivated areas are being challenged by new 
evidence suggesting a reuse of reforested areas for a different type of production system (Forlin 
2013).  
Changes also occurred in urban settlements. Roman towns were ruralized no later than the 
era of Langobard rule, creating agricultural areas within former towns that contained specialized 
workers (Brather 2009; Christie 1995; Ward-Perkins 2009). Both urban Langobard and Byzantine 
Early Medieval villas consisted of open spaces for cultivation, cellars that were adapted from 
Roman ruins, and new areas of construction (Ward-Perkins 2009). As part of these economic 
changes, the Langobards also altered a tax system that burdened the lower class for centuries, 
allowing them to retain more surplus and giving a slight boost to a severely debilitated Italian 
economy (Fabbro 2015; Verreyke and Vermeulen 2009). In reality, the success of the Langobards 
was reliant upon the local populations living in the various areas they occupied. The Langobards 
did not frequently engage in agriculture (in Pannonia nor Italy), so they encouraged local farmers 
in the fertile Po Plain to continue their cultivation practices for the Langobards (Christie 1995, 
2009). They initially had a low-profile role in land management practices, so they relied on the 
indigenous population to supply their agricultural produce (Bona 1976; Christie 1995; Valenti 
2009). Instead, the Langobards focused on animal husbandry practices, which are highlighted in 
their law codes. Fines were collected if peasants who were herdsman were injured, and increased 
based on the type of herdsman (horse-herder and cow-herder were the highest fine, followed by a 
swine-herder and goat-herder) (Bona 1976).  
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Meanwhile, Roman estate-owning elites experienced a reduction in political power, and 
villages became the centers of organization for peasant societies that were well integrated into the 
Langobard system (Wickham 2009). These peasant communities were mostly small farmers who 
chose to stay in a new system that had a more lenient tax system. Elite Langobard landowners 
would control these small villages of 100-150 people, which moved towards subsistence 
agriculture and pastoralism, rather than commercial production (Cheyette 2008; Valenti 2009). 
Once the Langobards had established their socio-political roles, they gained tighter control of the 
economic sphere (Valenti 2009). They did not need to tax the local communities since production 
of surpluses supported the Langobard military directly (Fabbro 2015). However, Roman nobles 
were forced to pay tributes to the Langobards, by giving either one-third of their territories, or one-
third of their produce/income (Christie 1991, 1995; Paul the Deacon, Historia Langobardorum ca. 
AD 787-789; Wickham 1981). The Langobards became local landowners from the lost properties 
of bankrupted landowners, producing landowning military families (Fabbro 2015).  
In the 7th century AD, cultivated meadows, farmlands, and gardens were the primary center 
of possessions (Brather 2009). In the 8th century AD with the Frankish conquest of northern 
Langobard Italy, there were no initial significant changes in economic processes (Wickham 1981). 
Generally, it is difficult to piece together what Early Medieval town life was like in Italy. Based 
on written records and archaeological excavations, a newly organized economy emerged in the 
Early Medieval period, which focused on local production, reductions in large-scale agrarian 
farming and the conservation of woodlands, the cultivation of garden plots for families, and an 
increase in breeding of domesticated animals (Barbiera and Dalla-Zyanna 2009). Later in the 
medieval period, Italy would undergo an economic upheaval, with urban growth and renewal, 
flourishing suburbs that contained craftsman, goldsmiths, and merchants, and the reinvigoration 
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of medieval markets and industrialized fishing (Arnaldi 2005; Bonetto et al. 2009; Christie 1995; 
McGregor 2006; Salamon et al. 2008; Shulz 2010). A parallel sociopolitical process to the 
Langobard settlement was the Venetian Lagoon, which would establish itself as its own political 
and commercial power by the 9th century AD.  
 
3.6 Conclusion 
 
Germanic populations along the Rhine have interacted with the Roman Empire for 
centuries. The instability of the Roman world influenced Germanic populations on the border in 
terms of trade networks and their own social and political reorganizations. Thus, there have been 
interactions to and from the Empire for centuries before the Langobards arrived in Italy (Halsall 
2012). The Langobards settled in Italy with an estimated 150,000 individuals, comprising 8% of 
the population where they settled. (Barbiera and Dalla-Zyanna 2009; Wickham 1981). How then, 
did such a small part of the Italian community become culturally dominant over two thirds of the 
Italian peninsula for two centuries? It would seem as if the Langobards provided a new opportunity 
for economic growth during a period of decline and reorganization, which this study investigates. 
The following chapter provides a synthesis of foodways in Italy from the Roman to Early Medieval 
period, to decipher social stratification and allocations of resources, and the foods available for 
consumption by the occupants of the Veneto. 
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CHAPTER 4: FOODWAYS  
 
4.1 Introduction 
 This chapter describes the foodways in northeastern Italy based on the historical and 
archaeological record. The first section outlines the social, economic, and religious ideologies that 
influenced access to food resources. This section describes what is known of the Italian and 
Germanic diets from historical records. The second section lists the paleobotanical and 
zooarchaeological finds from excavated sites in or around the Veneto. The third section discusses 
the production and consumption of food.  
 
4.2 Historical Record 
4.2.1 Italian Diet 
4.2.1.1 Roman Period 
Many historical texts from the Roman period were written by the elite, such as agricultural 
methods described by Cato the Elder (de re Agricultura, 2nd century BC), Varro (de re Rustica, 
1st century BC), and Columella (1st century AD). In the 4th century AD, a collection of 466 recipes 
from Rome was compiled from the 1st century AD socialite Gavius Apicius (Adamson 2013). 
These texts mainly summarize what elite populations consumed in Roman Italy from the 1-3rd 
centuries AD, even though variations existed in Roman diet across the Empire (Alcock 2006). For 
example, these texts described the male elite as consuming high-quality fish products, including 
garum (fish sauce), poultry, eggs, suckling pigs, coriander, pepper, cheese and milk, while beef 
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and barley were an important component of the warrior mobility (Adamson 2013; Belcastro et al. 
2007; Cobb 2013; King 1999; Garnsey 1999; Prowse et al. 2005). Access to garum and fish would 
have varied across Italy, in addition to meat, based on the location of urban markets and rural 
production centers.  
These writings from the 1-3rd centuries AD also described food consumed by the peasant 
class in urban and rural contexts outside of Rome (Alcock 2006). For example, farmers relied upon 
bread and olives as primary staples, and vegetables, legumes, and low-quality fish (pike) varied 
based on location (Belcastro et al. 2007; Garnsey 1999; Prowse et al. 2005; Reitsema and 
Vercellotti 2012). The diet of the urban peasant class consisted of millet bread and porridge, wine, 
vegetables, onions, garlic, and chick peas, with the inclusion of lard, some fruits, and olives 
(Garnsey 1998, 1999; Murphy 2015; Spurr 1983).  
Millet was generally viewed as a low status cereal by the Roman elite, and mostly 
consumed by the peasant and slave populations in Italy. Slaves and servants had limited cooking 
facilities, but could have cooked their own food in main kitchens (Murphy 2015). Millet flour was 
mixed with legumes to make bread/porridge, which provided a carbohydrate boost (Tafuri et al. 
2009). Millet was also documented as animal fodder and a backup resource during famines because 
it can be grown in poorer soils and under climatic stress, has a short growing season and a high 
yield, and can be stored for up to a year (Murphy 2015; Spurr 1983). Interestingly, millet has been 
scarcely recorded in the archaeological record during the Roman period in areas outside northern 
and central Italy; perhaps because it is more suitable in the north where the climate may prevent 
the cultivation of other species, or due to taphonomic issues (Tafuri et al. 2009). 
Elite dominance of the economy and market demand played an important role in access to 
dietary resources, and ensured an unequal distribution and consumption of available food (Garnsey 
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1999). For example, Roman aristocrats consumed mullet and lampreys as luxuries, paying high 
prices at urban markets in Rome (Squatriti 1998). Roman fisheries were built along the Tyrrhenian 
coast to supply the aristocratic population with sea fish, especially in large cities such as Rome 
(Squatriti 1998). Inland fisheries were considered less noble; however, fresh water fish were still 
an important investment in areas where salt water fish were inaccessible (Squatriti 1998). 
During the 1st century BC to the 3rd century AD in Rome, a resident government official 
handed out food distributions (annona) to adult male citizens (over 14 years old) (Garnsey 1998). 
Roman citizenship was given to occupants of Italy after the Social War (1st century BC), though 
slaves were not considered citizens unless emancipated (Laurence 2002). Slaves relied on their 
owners for food, and women relied on their legal guardian (father, husband) (Garnsey 1998; 
Garnsey and Rathbone 1985). Widowed women in particular were more vulnerable to 
malnourishment, as they did not receive doles from the state (Garnsey 1998). Doles usually 
included olive oil, pork, wine, and cereals (Bang 2007).  
In Milan and Pavia during the 5th century AD, bishops’ price fixed grain during the AD 
535 famine, and in Rome, Pope Benedict sent thousands of bushels of grain from Egypt to those 
suffering in hunger during the Justinian wars in Italy. Thus, the episcopal power took over the 
leadership of the senatorial class in terms of food distribution in Late Antiquity (Wickham 1981). 
In the first half of the 6th century AD, famines resulted in Pavia providing millet stores to the 
populous (Garnsey 1999). 
 
4.2.1.2 Medieval Period 
In the medieval period (15th century AD), Platina published a cookbook called De honesta 
voluptate, with many similarities to Apicius’ recipes published in the 4th century AD (Adamson 
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2013). However, there are monastery accounts and new belief systems that influenced the types of 
food some individuals in society consumed. For example, the Hippocratic system of physiology in 
which humors dominated the body held that women naturally had a “cold and wet” constitution; 
therefore, they were recommended to consume “hot and dry” foods, and avoid fish, fat, and 
anything from a suckling animal (Alcock 2006; Bitel 2002). In addition, dietary advice was given 
in medieval books (Regimen sanitates) for pregnant women and wet nurses, both rich and poor 
(Adamson 2004). For example, women, regardless of class, were believed to require less meat then 
men because meat could prevent women from becoming pregnant (Alcock 2006; Bitel 2002). The 
church also followed the Hippocratic system, and applied this to asceticism (Bazell 1997). 
Christian ascetic practices varied by season and location according to Byzantine monastic 
accounts. However, bread appears to be a consistent staple food within monostatic diets 
(Gregoricka and Sheridan 2013). Typically, members of monasteries consumed two daily meals, 
which included cereals, legumes, and vegetables; meat was prohibited (Bazell 1997; Gregoricka 
and Sheridan 2013; Tanner and Watson 2006). Some scholars suggest women were more involved 
in these fasting and food avoidances then men (Bynum 1985). Meat, wine, and gluttony were 
compared to carnal lust, because meat and wine were considered heated substances and a sexual 
stimulant, and thus avoided by monks and nuns (Bazell 1997). Fish was often used to replace meat 
amongst monastic practice (Montanari 1999).  
In the Early Medieval period, inland fishing persisted, while open-sea fishing declined 
except in areas controlled by the Byzantines (ex. Calabria) (Squatriti 1998). In Langobard Italy 
during the 8th century AD, some individuals located in urban and rural areas near waterways had 
access to fisheries. This local usage of freshwater systems varied, and beginning in the 9th century 
AD the privatization of water restricted who could access lakes and rivers to fish. In the Po Valley 
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in northern Italy, the church had a strong influence on fishing rights on convent owned land. In the 
Po Valley during the 10th century AD, fishing was a carefully organized activity (Squatriti 1998).  
Depictions of fish in Roman art and Byzantine historical documents describe the type and 
price of fish (Rutgers et al. 2009; Borstad et al. 2018). Fish listed in historical documentation from 
the Byzantine Empire were frequently discussed, with more than 110 fish and 30 aquatic 
organisms’ names. Red mullet and sturgeon were considered more expensive, while mackerel were 
inferior in quality and sold at lower prices. The preparation of fish was also important, as 
salted/dried/preserved fish varied in cost. In addition, freshwater fish appears to have been cheaper 
to come by, and access to rivers would allow some populations, regardless of status, access to this 
resource (Bourbou et al. 2011; Rutgers et al. 2009). Trout, pike, trench, lamprey, barb, and carp 
are mentioned in Early Medieval period recipes (Montanari 1999). In northerly Italy, garum was 
produced at coastal sites, such as Comacchio and Genoa (Squatriti 1998). 
According to Massimo Montanari (1999) diet during the medieval period was considerably 
more varied than the Roman period, and socioeconomic differences were not as pronounced 
(Montanari 1999). These changes may be due to the decline of the centralized state, reorganization 
to local production, and the influence of new cultural groups in the area. Peasants were able to 
have private gardens that were not taxed, allowing for a variety of vegetables to be consumed, such 
as turnips, cabbages, onions, leeks, and garlic. In addition, the peasant communities were no longer 
bound to cereals with minimal meat, but enjoyed a more balanced diet of animal (cow) and 
vegetable products. Montanari (1999) says that beef became an important food source for the 
peasant communities, and was usually salted and boiled. Archives from Italian monasteries suggest 
an improvement in peasant diet in northern Italy during the Early Medieval period, with diverse 
foods and better nutrition. This included vegetables, meats, and fish instead of traditional grains 
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due to changing economies, and the reduction in taxes and power of the aristocracy (Barbiera and 
Dalla-Zyanna 2009).  
Pigs were more popular in Italy during the Early Medieval period, if not one of the most 
important meat sources, followed by sheep and goats. This may be attributed to the Langobards, 
as pig breeding was a cultural preference. Peasants were required to hand over pork shoulders, the 
preferred cut of meat, to landowners (Montanari 1999). Sheep and goats were mostly used for milk 
production and wool. In addition, hunting was a part of peasant and aristocratic diets, while fishing 
was an activity practiced by the monastery (Montanari 1999). Hunting rights were available to all 
social classes (Montanari 1999).  
 
4.2.2 Germanic Diet 
Early Roman writers (Caesar and Tacitus) described the Germanic tribes they encountered 
along the Rhine in the 1st century AD as carnivorous, living on mainly meat and dairy products 
(Adamson 2004; Garnsey 1999). These writings depict an untamed nature, with pigs playing a 
central role (Adamson 2004). However, traditional Germanic diets north of the Alps beginning in 
the 1st century AD consisted of cereals (barley, rye, wheat, oats), and animals (cattle, pig, 
sheep/goat, and horse), with some regional differences in consumption. For example, cattle were 
dominant in north-western Europe, and traded for cereals from the marshlands, while pigs, 
sheep/goat were bred in the interior of Europe. Coastal areas of Europe tended to grow barley 
instead of oats and rye (barley also increased from Roman times to the Middle Ages), and wheat 
was grown in the interior (Brather 2009).  
Little is known from the historical record of the Langobard diet before Italy, except from 
Tacitus and Paul the Deacons’ Historia Langobardorum. Historian Joe Bona (1976) 
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contextualized these sources to understand Langobard subsistence practices and diet from 
Pannonia in the 5th century AD. Bona (1976) said that animal husbandry practices were 
predominant in Pannonia (cattle, sheep, and horses), and the Langobards most likely received 
cereal contributions from native farmers, as their diet consisted of meat, milk, and cereals. Bona 
(1976) believed that Langobard agriculture was not large scale and the only known domesticated 
plant cultivated in Langobard Pannonia with certainty is flax. Flax was later found in Langobard 
Italy along with beans, millet, onions, and fruit. In addition, hound and horse burials suggest the 
Langobards also included hunting in their subsistence practices; however, there are no traces for 
fishing in Langobard Pannonia (Christie 1995; Cunliffe 1988).  
Historical records indicate the Langobards brought into Italy additional cattle and horses 
(Christie 2006). Their law codes emphasized the stock raising of cattle and pig, and "poultry 
farms," in Langobard Italy (Bona 1976). Christie (1995) suggests the Langobards did not alter the 
crops grown from those in Roman times (cereals and vines); however, archaeological excavations 
show significant changes in crop trends from the Late Roman to Early Medieval period.  
 
4.3 Archaeological Record 
 The historical record provided information on food preparation, socioeconomic 
differences, medical ideologies, and religious influences, but the archaeological record provides 
what was actually available for consumption during various time periods. The next section 
describes the paleobotanical and faunal record from the Roman to medieval period in northern 
Italy, with noted changes in resources. 
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4.3.1 Paleobotanical Record 
Paleobotanical research in northern Italy provides detailed information on potential 
contributions of Roman and medieval populations’ diets. Data from the Roman period plant 
remains are found mostly in unpublished site reports that are not synthesized (Table 1). However, 
Rottoli (2014) compiled 32 sites in northern Italy from the 5th/6th century-11th century AD with 
botanical remains (Table 2). Many of these sites are from the plains, hills (Alps and Apennines), 
Alpine Valleys, Ligurian coast, or the immediate hinterland. Site composition ranges from 
settlements (urban and rural), to monasteries, castles and fortified sites, churches, burial grounds, 
and craft workshops. In many cases, botanical remains were recovered from hearths, storehouses, 
latrines, and areas of collapse and abandonment. Unfortunately, no standardized method of 
collection was employed in such diverse contexts, and sample sizes ranged from a few dozen to 
several thousand (Rottoli 2014).  
 Botanical remains recovered from multiple Roman sites consisted of cereals, legumes, and 
fruits which were cultivated since the establishment of the Roman Empire in the 1st century BC 
(Bosi et al. 2011; Mercuri et al. 2009). Cereals included wheat (emmer, einkorn), barley, rye, and 
millet (broomcorn and foxtail). Isotopic data and botanical remains recovered at both dwellings 
and sacred sites indicate that minor cereals, such as broomcorn and foxtail millet, were firmly 
established in northern Italy during the Iron Age (Castiglioni and Rottoli 2013; Craig et al. 2010; 
Tafuri et al. 2009). However, the degree to which these cereals were cultivated during the Roman 
period remains uncertain, and historical documentation suggests they were suitable only for the 
poor or used as animal fodder (Murphy 2015). 
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Table 1. Common paleobotanical finds in northern Italy from the Roman period 
Common Name Scientific Name 
Oat Avena sativa 
Emmer Triticum dicoccum 
Einkorn Triticum monococcum 
Barley Hordeum vulgare 
Rye Secale cereal 
Broomcorn Panicum miliaceum 
Foxtail Setaria italica 
Broad Beans Vicia faba 
Field Beans Vicia faba minor 
Lentils Lens culinaris 
Peas Pisum sativum 
Common Vetch Vicia sativa agg 
Figs Ficus carica 
Cherry Prunus avium 
Hazlenut Corylus avellana 
Walnut Juglans regia 
Plum Prunus spp. 
Peach Prunus persica 
Grape Vine Vitis vinifera 
Strawberry Fragaria vesca 
Blackberry Rubus fruticosus 
Olives Olea europaea 
 
 
Legumes recovered from Roman sites included both broad and field beans, lentils, peas 
(sweet), and common vetch (Bosi et al. 2011; Castiglioni 2007). At the site of Domagnano in the 
Republic of San Marino (near the Adriatic Sea), there was an increase in legume cultivation from 
the early Roman period to Late Antiquity (Mercuri et al. 2009). Roman period cultivated fruits 
included figs, cherry (sweet and sour), hazelnut, walnut, olive, plum, peach, and grape vine, wild 
strawberry, and blackberry (Bosi et al. 2009; Castiglioni 2007; Castiglioni and Rottoli 2013; 
Mercuri et al. 2009). 
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Table 2. Common paleobotanical finds in northern Italy from Late Antiquity to Early Medieval 
period 
 
Common Name Scientific Name 
Chickling Lathyrus cicera/sativus 
Oat Avena sativa 
Einkorn Triticum monococcum 
Barley Hordeum vulgare 
Sorghum Sorghum bicolor 
Rye Secale cereale 
Broomcorn Panicum miliaceum 
Foxtail Setaria italica 
Black Eyed Bean Vigna unguiculata 
Field Beans Vicia faba minor 
Lentils Lens culinaris 
Peas Pisum sativum 
Chickpea Cicer arietinum 
Common Vetch Vicia sativa agg 
Bitter Vetch Vicia ervilia 
Chestnuts Castanea sativa 
Pinenuts Pinus pinea 
Walnut Juglans regia 
Hazlenut Corylus avellana 
Almonds Prunus dulcis 
Grape Vine Vitis vinifera 
Blackberry Rubus fruticosus 
Elderberries Sambucus nigra 
Strawberry Fragaria vesca 
Figs Ficus carica 
Plum Prunus spp. 
Peach Prunus persica 
Apples Malus domestica 
Pears Pyrus spp. 
Melons Cucumis melo 
Cucumbers Cucumis sativus 
Bottle Gourds Lagenaria siceraria 
Mulberries Morus nigra 
Pomegranates Punica granatum 
Rasberries Rubus idaeus 
Apricots Prunus persica 
Olives Olea europaea 
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 Olive, grape vine, walnut, plum, peach, and cherry trees were documented around the 2-1st 
century BC at Domagnano in the Republic of San Marino and were more widespread in the Early 
Middle Ages (seen in upper Lake Garda and other parts of northern Italy) (Mercuri et al. 2009; 
Rottoli 2014). Dates were imported into Italy during the Roman period from the Near East or North 
Africa, but disappeared during the Early Medieval period due to the dislocation of Mediterranean 
supply routes in the mid-5th century AD by the Vandals in North Africa, and then again by the 
Arabs in the 7th century AD (Salvadori 2011; Livarda and van der Veen 2008; Zohary et al. 2012). 
 The synthesized data for 32 sites from late antiquity to the Early Medieval period in 
northern Italy indicate a polyculture, where at least 6-8 cereals were grown, with wheat varieties, 
barley, and rye occurring most frequently (Rottoli 2014). These major cereals made up the highest 
proportion of botanical remains at all of the sites (Bosi et al. 2011; Castiglioni and Rottoli 2013). 
In more Alpine areas, oat was cultivated (San Candido-Cantiere Municipio, Piazza Garibaldi), 
though identifying the cultivated form is difficult (Augenti et al. 2006; Bosi et al. 2011; Castiglioni 
and Rottoli 2013).  
Trends in cereal cultivation over time show an increase in rye production and the 
abandonment of emmer wheat in the medieval period, possibly the result of a drier, warming 
climate, or the decline in cereal trade from North Africa in the 5th century AD (Castiglioni and 
Rottoli 2013; Mercuri et al. 2009). Sorghum, considered a minor cereal, was introduced during the 
Early Medieval period, a time that also witnessed increased usage of other minor cereals. 
Broomcorn millet was dominant at five sites (Alba S. Giuseppe, Brescia Via A. Mario, Loppio, 
Trino, Alba Via Vernazza). Foxtail millet was more predominant at Sirmione and was one of the 
principle species found at Alba S. Giuseppe, Loppio, and Filattiera. The Baptistry of the Cathedral 
of Ventimiglia (6-7th century AD) in west Liguria also contained evidence of millet (6.3%) (Arroba 
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2000). Sorghum was prevalent at Cherasco and Brescia-S. Giula (Castiglioni and Rottoli 2013). 
Generally, these cereals were used for everyday consumption and not traded, and may have 
become more frequent due to instability in weather conditions and their sustainability in various 
conditions (Castiglioni and Rottoli 2013). Millet can be grown in poorer soils and under climatic 
stress, in addition to being stored for up to a year (Spurr 1983). The shift to a self-sufficient 
economy in late antiquity led to the production of lower-quality grains, which were generally more 
productive and easier to cultivate than wheat (Montanari 1999). The paleobotanical record reflects 
this shift in cultivation. In addition, the diversification of grains (rye, oats, barley, spelt, millet) 
ensured at least some yields in cases of climatic adversity. To complement grain cultivation, 
vegetable gardens were located near houses (both rural and urban) (Montanari 1999).  
Legumes recovered from medieval sites showed an increase in diversity from the Roman 
period, and included field beans, lentils, peas, chickling, bitter vetch, common vetch, chickpeas, 
and black-eyed beans. Field beans and chickling appear to be the dominant crops at both the 
Roman and medieval sites (Castelletti et al. 2001). Evidence suggests that bitter vetch declined 
over time in importance, and may have been used for animal feed with an increase in animal 
husbandry practices. Alternatively, the black-eyed bean gained importance, becoming widespread 
in the 5th and 6th centuries (Rottoli 2014). During Late Antiquity and into the medieval period, fruit 
remains of chestnuts, pine nuts, elderberries, apples, pears, melons/cucumbers, bottle gourds, 
mulberries, almonds, pomegranates, and raspberries were recovered, in addition to what was 
already cultivated during the Roman period (Bosi et al. 2009; Bosi et al. 2011; Rottoli 2014).  
 Archaeological evidence shows that chestnut trees were cultivated for timber production 
by the Romans beginning in the 1st century AD to the 6th century AD in northern Italy and became 
an economic commodity for landowners (Buonincontri et al. 2015; Castiglioni and Rottoli 2007; 
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Rottoli 2014; Squatriti 2013). However, it appears that during the Roman period, chestnut fruits 
were not necessarily utilized as a food source, and were most likely a secondary source 
(Buonincontri et al. 2015). Chestnuts would become a new dietary food source during the Early 
Medieval period. For example, at the settlement of Monte Barro, chestnut wood trees were used 
for construction and fuel, as well as their fruit, which was found stored with other foodstuffs 
(Castiglioni and Rottoli 2007). Chestnut wood has been found at multiple Langobard settlements 
for construction from the 7-8th centuries AD in Brescia (upper Po Valley), in addition to food 
(presence of fruit fragments). However, it appears that these fruits were more of a byproduct from 
the use of wood for timber, and may not be a primary food resource (Buonincontri et al. 2015). At 
other sites, such as near Lake Garda, olives and grapes were the dominant trees (Castiglioni and 
Rottoli 2007). Olive was first introduced into this area during the Roman period, and spread 
throughout northern Italy during the Early Medieval period where it grew in glacial deposits and 
the Po Plain (Rottoli 2014).  
  
4.3.2 Faunal Record 
 Unfortunately, wild and domestic faunal remains from the Roman and medieval periods in 
northern Italy have not been systematically cataloged, and not all the geographic areas are well 
represented, while others contain large quantities of remains (Veneto and Liguria) (Salvadori 
2011). Luckily, however, there are syntheses of the finds from the 5-12th century AD, although 
inconsistent recovery methods have led to the exclusion of remains such as fish and birds. At 
present, only a few studies have been performed on mollusk consumption (Baker 1991; Rottoli 
2014). 
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Based on the analysis of faunal assemblages, it appears that domesticated animals were 
predominant over wild fauna, where the latter comprised at most 3% of the assemblages (Baker 
1994; Rottoli 2014; Salvadori 2011). Domesticated remains included cattle, sheep and goat, and 
pigs, all introduced during the Neolithic period (Baker 1994). Anthony King (1999) synthesized 
both published and unpublished data concerning Late Republican and Imperial period 
domesticated animals from Italy. He found that sites from northern Italy contained a higher 
percentage of cattle, and a lower percentage of pig bone, which gives it a distinct identity among 
other regions in Italy with higher percentages of pig (Riedel 1991; King 1999). For example, at 
the site of Aquileia near the Adriatic coast, cattle made up 80% of the faunal assemblage (Riedel 
1994). 
In the Veneto (Povegliano and Torretta near Rovigo, San Pietro in Venice and Torcello) 
and Friuli (Udine and Invillino-Ibligo) during the 5-12th centuries AD, a higher quantity of large 
sized cattle and an equal number of pigs, sheep, and goats were observed, while in the central Alps 
of Trentino (Doss San Valier and Castel di Drena, Ledro B) and Alto Adige/South Tyrol (Stufels 
H. Stremitzer, Bozen, Waltherplatz, Kornplatz) assemblages featured a higher quantity of small 
sized cattle, sheep, and goats, with a low quantity of pigs (Baker 2011; Riedel 1979, 1986, 1994). 
The assemblage in the Veneto and Friuli may be due to Langobard influence, as sheep, cattle, and 
horse breeding were an important component of animal husbandry practices in Pannonia, observed 
in faunal assemblages and with food remains found in graves (mutton, goat meat, chicken, joints 
of cow and pig) (Christie 1995). 
The utilization of wild resources during the Roman period is unclear; however, faunal 
remains have been recorded. With the transition to domestication during the Neolithic, hunting 
began to decline, and the presence of domesticated animals dominated faunal assemblages in 
71 
 
northern Italy (90-95%). Red deer was the most common wild species recovered, but they become 
scarce in the faunal assemblages during the Roman period (Riedel 1991). In addition, boar has 
been found in areas in the Alps, plains, and the coast, as well as all of northeastern Italy (Friuli to 
Lombardy). In terms of marine resources, the presence of tortoise/turtles at sites were relatively 
rare, with only one during the Roman period (Roman Comacchio, Luni), and beavers were found 
at sites in Trentino and Alto Adige/South Tyrol, though infrequent (Baker 2011; Riedel 1991). 
Also, many of the wild remains found in the faunal assemblages may be attributed to the protection 
of domestic animals, or sacrifice, and were not necessarily used for food resources (Riedel 1991).  
Baker (1994) assessed the wild remains from sites spanning the 6th to 11th centuries AD 
from the following areas: Liguria, Piedmont, Lombardy, Emilia-Romagna, Friuli, Veneto, Alto 
Adige/South Tyrol, and Trentino. These regions contained a variety of sites, consisting mainly of 
urban settlements and castra from the lowland and pre-Alpine areas (Altino, Torcello, Monselice, 
Calvatone, Pavia-Broletto, Pavia-S. Maria Gualtieri, Limello, Vercelli, Imola, Luni, S. Antonino 
di Perti, Rocco di Asolo, Monte Barro, S. Pietro al Monte), and rural settlements situated in valleys 
surrounded by high mountains in the Alpine area (Invillino-Ibligo, Stufels-Stremitzer, Stufels-
Senoner, Innichen, San Valier). Wild remains recovered included: red deer, roe deer, hare, 
(Torcello, Nogara, Trino Vercellese) a marine bottle nosed dolphin from Torcello, tortoises/turtles 
in Nogara and Pavia; and boar, brown bear, and wild birds (Invillino-Ibligo, Pavia). In addition, in 
Monte Barro, Nogara, Monselice, Brescia, and Invillino-Ibligo, freshwater fish bones were 
recovered (Baker 1994, 2001, 2011; Riedel 1979).  
The importance of fish in the diet is difficult to assess due to recovery issues; although, 
fish may have been an important addition to the diet, with fish consumed on a regular basis (Baker 
1994, 1999, 2001). Fish-bone assemblages included mainly carp and pike, with some eel, trout, 
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salmon, minnows, and sturgeon; however, few substantial assemblages have been recovered from 
Early Medieval sites (Baker 2001). For example, only 10 fish bones (pike and carp) were recovered 
from a Langobard assemblage (6-7th century AD) in Brescia, with a slight increase in later periods 
of freshwater fish (pike, trout, sturgeon, eel) (Baker 1999). The site of Nogara also shows evidence 
of beaver hunting, which may have been for their pelts and sex glands (medicinal purposes) (Baker 
2011). On the other hand, other coastal sites, such as Torcello near the Adriatic Sea, do not show 
significant evidence of marine resources (one marine bottle nosed dolphin) (Riedel 1979). Marine 
data are incomplete due to a lack of study on sites near the coast (Rottoli 2014).  
 
4.4 Animal Husbandry  
4.4.1 Roman Period  
Historical texts of Roman period agronomers, such as Cato (1st century BC), Varro (1st 
century BC), and Columella (1st century AD), describe animal husbandry and agricultural 
practices, including livestock farm managing, convertible husbandry and the alternation of arable 
cultivation and artificial pastures, and ley farming (yields fodder for animals) (Kron 2002; 
MacKinnon 2010). In the Veneto, lowland areas and the Po River valley were ideal for cattle 
raising. Alpine cattle were described as unattractive with low stature, but had great milking 
capacity suggesting dairying was important in this region (MacKinnon 2010). In addition, cattle 
were described as designated for work (turning the mill, pulling carts, milking) or directly 
consumed (White 1970). Michael MacKinnon (2010) suggests that most cattle were restricted to 
geographical zones. In general, mountain sites had more evidence of cattle, sheep and goat 
(adapted to cooler climates), while those in the plains preferred pigs, because these animals were 
suited to climate near the Adriatic coast (King 1999; Rottoli 2014). 
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Pigs were a main staple in Roman diet, especially among the urban elite, and have also 
been found in the faunal assemblages of nearly every site during this period, especially in northern 
Italy (Adamson 2004; MacKinnon 2001). Pig husbandry practices occurred in two ways. First, 
pigs were kept in small groups around the farm to feed off scraps, and second consisted of large-
scale breeding operations to supply the market for pork (MacKinnon 2001). Generally, the best 
foraging for pigs was woodland environments. Pigs increased in size over time, with rural sites 
exhibiting the most variability since this was where most of the breeding took place. Interestingly, 
key areas of pig breeding were Gaul, Spain, and the northern Roman Empire, which often supplied 
Rome (MacKinnon 2001). The prevalence of pig and cattle during the Roman period seems to be 
related to an agrarian system, where cattle were used more for work than diet, explaining their 
large size (Rottoli 2014; Salvadori 2011). 
 
4.4.2 Late Antiquity 
In northern Italy, there were changes in cattle and pig domestication during Late Antiquity. 
For example, some farmers and herders looking to improve local livestock may have imported 
different breeds of cattle. In general, transhumance of cattle declined from the Roman period to 
Late Antiquity, suggesting cattle were more regionally isolated (MacKinnon 2010). Pigs continued 
to be essential during the medieval period, with many recipes for cooking pork found in historical 
cookbooks, such Platina’s De honesta voluptate (Adamson 2004). Faunal remains found at sites 
in northern Italy (Brescia, Monte Barro, Invillino, Verona, and Torcello) show these towns were 
involved in food production and utilized the local environments for stock-raising (Baker 1999, 
2001). Cattle were rented to farmers and slaves to focus on an economy of cereal production to 
better supply urban communities (Bang 2007; MacKinnon 2010). This is evident from the late 
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antiquity faunal record, where large cattle were favored, and sometimes made up 80% of the faunal 
assemblages (e.g., Aquileia) (Salvadori 2011). Over the course of late antiquity, faunal 
assemblages show increasing proportions of sheep and goat, as they became more important to the 
dairying economy and urban demands for pork and larger scale cereal production declined 
(Ghisleni et al. 2011; MacKinnon 2010). This transition first occurred in more rural sites, and later 
appeared in urban sites. Notably, populations north of the Alps (Germany, Gaul, Britain) followed 
a similar trend in cattle and sheep and goat dietary patterns (King 1999).  
The exchange of domestic and wild resources occurred between rural and urban sites. The 
sites that yielded the greatest evidence for large game hunting and consumption included the rural 
settlements and castra in the Alpine areas. Portions (limbs) of domesticated animals may have 
been sold to urbanized markets based on the incomplete remains of these animals found in the pre-
Alpine and lowland sites (Baker 1994). Only one castrum (Invillino-Ibligo) showed substantial 
evidence for large game hunting, while Monselice showed evidence of the importation of red deer 
and beaver limbs. This suggests that these remains were provisioned from nearby rural settlements, 
such as Nogara (Baker 1994, 2011). At Monte Barro, and Invillino, archaeological evidence 
suggests that these castra were involved in food production, with the utilization of local 
environments for stock-raising, while other castra, such as at S. Antonino, may have imported 
subadult pigs and cattle (Baker 2001). Comparing these sites with Monselice, it appears that some 
animals were raised locally (Baker 2000).  
 
4.4.3 Early Medieval Period 
During the Early Medieval period, cattle, sheep, and goats were common in mountainous 
areas, while pig breeding increased on the plains. This increase in pig breeding was attributed to 
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changes in production systems and the influence of invading Germanic tribes who had a cultural 
preference for pigs (Baker 1999; Christie 1995; Montanari 1999; Rottoli 2014; Salvadori 2011). 
With a decline in cereal production from Late Antiquity to the Early Medieval period, there was 
also a reduction in cattle numbers on the plains, which were traditionally used as work animals 
(Salvadori 2011). This correlated with an increase in woodland and chestnut groves, causing the 
land available for grazing to be more favorable for pigs (Riedel 1994). However, cattle, sheep, and 
goat were still found at many sites within northern Italy during this time.  
 Faunal analyses from the 5th century AD show a decline in stature of sheep, cow, oxen, 
and pigs, which some interpret as a sign of declining markets (Bruno et al. 2013; Cheyette 2008). 
This decline in stature could be attributed to lower metabolic needs due to a decrease in available 
pastures, a lack of selection to be fattened for market, or dairying (Cheyette 2008). Interestingly, 
dairy production intensified upland during the Early Medieval period, as there was a general 
increase in female faunal remains from the Roman period (Salvadori 2011). In addition, cows were 
kept in smaller numbers by peasants in the medieval period as a steady supply of milk (Adamson 
2004). In addition, wool, milk, and cheese, could be imported into urbanized towns from rural 
agricultural centers (ex. Verona) (Riedel 1994).  
At medieval sites in Brescia, Verona, Torcello, Monte Barro, and Trini Vercellese trends 
appear in the faunal assemblages. The utilization of pigs varied, as they decline in importance in 
Verona over time, while in Torcello they appear to be consistently represented over time (Riedel 
1979; 1994). In addition, castra have a high quantity of pigs slaughtered at a young age (<2-year-
old males), such as at military settlements like S. Antonino, Monselice, and Monte Barro, 
suggesting culinary preference (Riedel 1979; 1994). In addition, cattle, sheep and goats all appear 
to be older than 2½ years. This suggests that these animals were used for purposes other than just 
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meat (milk/wool/agricultural work and transport), which is supported independently by the 
presence of spindle whorls at sites such as Monte Barro (Baker 2001; Riedel 1994). The relatively 
complete body part assemblages found at many of these sites suggest that live animals or whole 
carcasses were processed at the settlements (Brescia, Verona) (Baker 1999). Other infrequently 
represented domesticates include poultry (eggs), geese, and duck (Brescia, Monte Barro, Rocco di 
Asolo) (Baker 1999, 2001; Riedel 1994).  
Archaeological excavations at the medieval town of Verona provide an in-depth look into 
the economic processes of an urban town throughout occupation by the Langobards. During the 
Roman period, the site was an urban area, but declined during the 5th and 6th centuries AD. It was 
reoccupied during the 7th century AD, with faunal assemblages indicating that this town’s economy 
was less reliant on trade from villages outside the urban center. Over 13,000 remains of cattle, 
sheep/goat, and pigs were recovered from layers dating to the 6th to 13th centuries AD during 
excavations from 1981-1984 (Riedel 1994). The town was a fairly self-sustaining system that 
utilized agricultural land (vineyards) in the center of it (Riedel 1994). This transition over time (6-
13th century AD), suggests that the Langobards transformed this urban center to be an agricultural 
site early on, followed by a handicraft center and later a market for activities (Riedel 1994). This 
data was comparable to the faunal assemblage found at the contemporaneous site of Byzantine 
Torcello (Venice) where over 2,000 remains from the 7th to 16th centuries were recovered (Riedel 
1979, 1994). Langobard law codes mentioned markets for the trade of livestock and agricultural 
produce, though there was no clear distinction between urbanized and rural market systems 
(Christie 1995).  
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4.5 Conclusion 
Historical information on Italian and Germanic diets was restricted to elite agronomers and 
cooks who assembled recipes predominantly for the elite. For the Italian population, most of these 
accounts were in relation to the main city of Rome and along the Tyrrhenian coast. For the 
Langobards, there were general and vague accounts of their subsistence practices, most of which 
were recorded centuries after their arrival in Italy. The historical records suggest that access to 
certain foods was controlled by those in power, and varied based on the different belief systems 
that arose over time. For example, fish varied in type and status, and became an important 
component of monostatic diet. Pigs were always an important aspect of the Italian diet, and were 
in high demand at urban markets during the Roman period and continued to dominate during the 
medieval period.  
Botanical and faunal remains from sites in northern Italy showed a broad spectrum of 
resources, which included: the cultivation of multiple cereals, legumes, fruits and vegetables, and 
the breeding of pigs, goats, and cattle, as well as hunting and fishing. These practices were 
widespread, even in a time of political instability, the absence of trade, and population decline 
(Rottoli 2014). Many of the sites during Late Antiquity to the Early Medieval period appear to 
have been be self-reliant by utilizing local resources (Verona, Torcello) (Rottoli 2014).  
Both the historical and archaeological record provide the potential food sources that 
populations were consuming in Italy. However, these records cannot accurately distinguish who 
was eating what, and how much. Therefore, the method of stable isotope analysis is used in this 
dissertation to understand what individuals in the Veneto were consuming. The following chapter 
summarizes the isotopic principles used to interpret diet in the Veneto. 
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CHAPTER 5: ISOTOPIC PRINCIPLES 
 
 
5.1 Introduction 
Stable isotope analysis for dietary profiles of past populations was first established over 40 
years ago, and has since been widely applied to understanding foodways and mobility in 
archaeological contexts (DeNiro and Epstein 1978; Lee-Thorp 2008; Tykot 2014; Vogel and van 
der Merwe 1977). This method combines geology, chemistry, and theory which allows 
bioarchaeologists to make nutritional inferences for a bio-cultural understanding of migration 
impacts on political economies in the past (Larsen 2015; Schoeninger 2010). The following 
chapter explains the use of stable isotope analyses to address questions related to diet and 
migration. 
 
5.2 Stable Isotope Principles 
Isotopes are two or more forms of an element that contain the same number of electrons 
and protons, but different numbers of neutrons producing various atomic masses. Stable isotopes 
are those that do not decay over time and are thus useful for reconstructing diet and mobility from 
the molecular composition of ancient tissue (van der Merwe 1982). Carbon and nitrogen have two 
stable isotope forms, which are 12C and 13C (14C is radioactive and decays over time), and 14N and 
15N, where 12C and 14N are more common in nature (99%) (Hoefs 1997; Tykot 2006; van der 
Merwe 1982). Oxygen has three isotopes (16O, 17O, 18O), with 16O more common in nature 
(99.76%) (Hoefs 1997; Katzenberg 2008; Pollard and Heron 2008). Carbon, nitrogen, and oxygen 
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stable isotopes are measured using mass spectrometry, and raw values are generated and calibrated 
using standard reference materials with known isotopic values that are interspersed throughout the 
samples. They are then converted to ratios and are reported using a calibrated (𝛿) delta value 
relative to international standards, more commonly the Vienna Peedee Belemnite (VPDB) for 
carbon and oxygen, Vienna Standard Mean Ocean Water (VSMOW) for oxygen, and AIR for 
nitrogen (DeNiro 1987; Tykot 2006, 2014; van der Merwe 1982). Carbon, nitrogen, and oxygen 
are expressed in parts per thousand or per mil, and calculated by the following equation: 
 
𝜹13C (in ‰ or per mil) = [{(sample 13C/12C)/(standard 13C/12C)}-1] x 1000 
 
Fractionation is the change in ratios between materials based on different chemical 
reactions (such as digestion) (van der Merwe 1982). Carbon, nitrogen, and oxygen undergo a 
fractionation process, meaning the mass differences between the two isotopes (for example 12C 
and 13C) will produce either a positive or negative isotope value compared to their appropriate 
standard (VPDB is rich in 13C, usually producing negative values relative to it). Nitrogen 
fractionation produces an enrichment factor in the heavier isotope causing a positive value (AIR 
is usually around zero) (Pollard and Heron 2008; Mays 2002).  
 
5.3 Biology 
To use isotopic data to understand human diet and mobility, it is essential to use different 
components of the skeletal system. Bone contains organic and inorganic materials that make up 
90% of its composition (collagen and hydroxyapatite), with 10% water. Twenty percent of bone 
is organic, with 90% of the organic structure consisting of collagen, and the remainder consisting 
of other proteins and lipids (Pollard and Heron 2008). Bone collagen is a protein with a fibrous 
organic matrix predominantly made of four amino acids, which is integrated with calcium 
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phosphate in the form of hydroxyapatite (Katzenberg 2008; Krueger and Sullivan 1984; Pollard 
and Heron 2008; Schoeninger and DeNiro 1984). Hydroxyapatite is the inorganic part of bone 
tissue that provides bone strength and makes up 70% of bone composition (Krueger and Sullivan 
1984; Pollard and Heron 2008).  
Bone collagen and dentin (organic material in teeth), are composed of hydrogen, oxygen, 
sulphur, nitrogen (11-16%), and carbon (35%) (Katzenberg 2008; Mays 2002). Carbon and 
nitrogen isotopes found within bone collagen are used to reconstruct dietary proteins that have 
been consumed by individuals, as collagen is formed from amino acids. Essential amino acids 
(derived from diet) are routed from diet to bone tissue, and in high protein diets even non-essential 
amino acids (those that can be synthesized by an organism) route to bone tissue (Clementz et al. 
2009; Schoeller 1999). However, in low protein diets, bone collagen has been found to incorporate 
non-protein components (carbohydrates, lipids) (Schwarcz 2000).  
Carbon and oxygen are found in the inorganic component of bone and tooth enamel, the 
mineral apatite, which reflects dietary protein, carbohydrates, and lipids (fats). Carbon dioxide 
from carbohydrates and lipids is transported throughout the body as blood bicarbonate which is 
then incorporated into bone during crystallization (Krueger and Sullivan 1984). The majority of 
carbon in apatite comes from carbohydrates, followed by lipids (Krueger and Sullivan 1984). Thus, 
collagen carbon isotopes from bone (henceforth 13Cco) and tooth root dentin (henceforth 
13Cdentin), and nitrogen from bone (henceforth 
15N) and tooth root dentin (henceforth 15Ndentin) 
reflect the protein component of diet (terrestrial or marine proteins), while bone apatite (henceforth 
13Cap) and tooth enamel (henceforth 
13Cen) reflect the whole diet (Ambrose and Norr 1993; 
Krueger and Sullivan 1984; King et al. 2011; Tykot 2004). Apatite also contains oxygen in 
structural carbonate and phosphate, the latter being more abundant (Chenery et al. 2012). Both 
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carbonate and phosphate are linked with body water, where phosphate receives oxygen isotopes 
from the blood in specific enzymes, and carbonate receives oxygen from carbon dioxide, 
bicarbonate, and body water (Bryant et al. 1996).  
Human bone is remodeled over the course of an individual’s life through three primary 
cells, osteoblasts (bone-forming), osteocytes (maintenance bone cells), and osteoclasts (remove 
bone tissue) (White and Folkens 2000). This means that the isotopic composition of a particular 
individual will be reflective of up to the last 20 years of life, with variations in time based on the 
turnover rates for different bones (Larsen 1997). Richards and Hedges (1999) found that collagen 
represents the last 5-10 years of life for trabecular bone in ribs, and Hedges et al. (2007) found that 
load bearing bones such as the femur are reflective of 10-20 years of life. 
Dental enamel is 96% inorganic with mineralization of the organic matrix after deposition 
over a finite interval (Hall 2013). Dentine is calcified tissue under the enamel that is 20% organic 
(collagen), which is mineralized by hydroxyapatite (Hall 2013). Since dental development (enamel 
and dentin) occurs at different ages, and tooth enamel and dentin (tooth roots) do not remodel, the 
isotopic composition will reflect the diet and geographical location of that individual at the time 
of dental formation (Leatherdale 2013; Katzenberg 2008; Tykot 2014). For example, the crown of 
the first permanent molar is completed around the age of 3 with initial cusp formation around birth, 
while incisors and first premolars are completed by 4-6 years of age, with root completion from 7-
14 (Smith 1991). Second molars, premolars, and canines are completed by 6-8 years of age, with 
root completion from 9-15 (Smith 1991). The third molar is more variable, with formation between 
7-12 years of age, with roots fully formed around 18 (Hillson 1996; Larson 1997; Smith 1991). As 
a result, teeth with varying phases of development, along with bone, can present a biochemical 
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record from early childhood and the later years of life, providing a life history for each individual 
(Ambrose 1998; Tykot 2014). 
 
5.3.1 Diagenesis 
Bone undergoes physical, chemical, and biological changes called diagenesis, which can 
result in variations to isotopic values. Bone degrades over time and various foreign contaminants 
interact and can compromise bone integrity (Shin and Hedges 2012). This degradation results in 
the loss of collagen and apatite. Bone apatite studies have been conducted for the last 30 years; 
however, due to diagenesis issues, the research has often been questioned (Koch et al. 1997; Shin 
and Hedges 2012). Diagenetic carbonate is absorbed from areas of burial and incorporated into the 
surface of apatite crystals. While apatite in bone is more prone to diageneses, apatite in enamel is 
more resistant in the post-burial environment because it is made of static tissue that does not 
remodel like bone (Lee-Thorp and Sponheimer 2003). Methods have been established to evaluate 
the degree of degradation and contamination in bone apatite and collagen, which are outlined in 
the methods section of this dissertation (Ambrose 1990; Tykot 2004; Shin and Hedges 2012; 
Schoeninger et al. 1989).  
 
5.4 Diet 
Ancient tissue is composed of elements that were metabolized over an organism’s lifetime, 
which can be used to infer dietary behavior based on the biochemical intake of carbon and nitrogen 
by bone collagen and tissues, and carbon and oxygen found in bone apatite or tooth enamel 
(Ambrose 1993; Larsen 2002; Leatherdale 2013; Tykot 2006, 2014; van der Merwe and Vogel 
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1978). The following section details how stable isotopes found in human and animal tissues are 
used for dietary reconstruction. 
 
5.4.1 Carbon 
5.4.1.1 Collagen 
During the metabolizing of atmospheric carbon dioxide, various plants utilize different 
photosynthetic pathways resulting in different fractionations, or the different ratios the isotopes 
yield (13C/12C) due to their transfer from source to product (Leatherdale 2013; van der Merwe 
1982). The source of carbon is atmospheric carbon dioxide, which has a 13C value of −7‰ (van 
der Merwe 1982). Hatch and Slack (1966) and Ransom and Thomas (1960) discovered three 
photosynthetic pathways used by plants to convert CO2 into food. The Calvin cycle (C3) consists 
of temperate grasses, trees and shrubs, having more 12C than 13C, which translates to a more 
negative 13Cco value, averaging around −26.5‰; however, values range from −35‰ to −20‰ 
depending on local environmental and climatic factors (DeNiro and Epstein 1978; van der Merwe 
1982). The Hatch-Slack cycle (C4) consists of grasses from hot, arid environments such as maize, 
sugarcane, millet, sorghum, and species of amaranth and chenopodium, which have 13Cco values 
ranging from −16‰ to −9‰, with a mean of −12.5‰, as they are enriched in 13C relative to C3 
plants (Figure 4) (Hatch and Slack 1966). Succulent plants such as cactus follow the CAM 
pathway, but are usually not a major source of dietary protein, though they have similar carbon 
isotope ratios to C4 plants (Tykot 2006, 2014). 
13Cco values do not overlap between C3 and C4 
plants, which allows for dietary reconstruction (van der Merwe 1982; Katzenberg 2008; Tykot 
2004, 2006, 2014). Consumers of a mixed C3 and C4 diet will have intermediate values. General 
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percentages of foodstuffs can be interpreted based on these values, with a −12‰ indicating ~70% 
C4 plant contributions to collagen, and −14‰ around 50% (Pollard and Heron 2008). 
 
 
Figure 4. Carbon isotopic pathways (after Tykot 2004) 
 
13Cco values in herbivores, omnivores, and carnivores vary based on the metabolized 
fractionation of the food that is consumed. Beginning with mono-isotopic diets of C3 or C4 plants, 
consumption results in a ~+5‰ enrichment relative to diet (Pollard and Heron 2008). Moving up 
trophic levels, collagen values are very similar between herbivores and carnivores, with a 1-2‰ 
enrichment factor (Krueger and Sullivan 1984; van der Merwe and Vogel 1978). Thus, the 
fractionation between animal dietary protein consumed and 13Cco values is ~0 to +1‰ (DeNiro 
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and Epstein 1978; Krueger and Sullivan 1984; Richards and Hedges 1999). Ambrose and Norr 
(1993) found that collagen reflects dietary protein, but is not well correlated with the whole diet 
when protein and non-protein contributions differ. For example, for C3 protein and C4 non-protein 
diets (and vice versa) there are diet-collagen offsets as high as 10.2‰, making the interpretation 
of collagen values more problematic with mixed diets (Tykot et al. 2009). 
For marine environments, carbon in the form of carbon dioxide and bicarbonates influence 
13Cco signatures. Bicarbonates have a 
13Cco value of about zero, which means some marine 
organisms can have heavier isotopic signatures by ~8‰ with values ranging from −31‰ to −7‰ 
(Richards and Hedges 1999; van der Merwe 1982). For freshwater environments, carbon sources 
are carbonates, bicarbonates, and dissolved carbon dioxide, from rocks, soils, and organic 
decomposition, which have 13Cco values from −8‰ to −4‰. These carbon sources can produce a 
wide range of 13Cco values based on habitat. For example, Katzenberg (2008) found a range of 
13Cco values of −24.6‰ to −14.2‰ for Lake Baikal in Siberia (Katzenberg 2008). In addition, 
variability exists in the foods freshwater fish consumed, as plankton resemble C3 plants in carbon 
values, while some kelp and seaweed resemble C4 plants. Studies on filter-feeding bivalves show 
similar isotopic signatures to C3 plants, and grazing univalves resemble C4 (van der Merwe 1982). 
For this research in northeastern Italy, common C3 plants are cereals such as wheat and 
barley, as well as legumes, vegetables, nuts, and fruit, all of which have been recorded in the 
botanical record (Rottoli 2014). Thus, accounting for the +5‰ enrichment relative to diet, humans 
consuming a predominately C3 plant diet would have average values around −21.5‰ (Krueger and 
Sullivan 1984). C4 plants commonly found in northern Italy include millet and sorghum, which 
have been used to infer agricultural and dietary practices (Fuller et al. 2012; Killgrove and Tykot 
2012; Reitsema and Vercellotti 2012). Thus, accounting for the +5‰ enrichment relative to diet, 
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humans consuming a predominately C4 plant diet would have average values approaching −7.5‰ 
(Krueger and Sullivan 1984; Leatherdale 2013; Tykot 2014; van der Merwe 1982). Domesticated 
animals were also present in this area from Late Antiquity to the Early Medieval period, and consist 
of cow, sheep/goat, and pigs. Faunal remains may vary in their C3 and C4 consumption, making it 
imperative to use faunal remains as an isotopic baseline when reconstructing human diet. There 
should be detectable variations between individuals consuming different plant resources and 
terrestrial animals.  
 
5.4.1.2 Apatite 
Previous experimental studies have demonstrated that carbohydrates and fats are routed to 
carbonate in bone for energy (Ambrose and Norr 1993; Krueger and Sullivan 1984). In addition, 
these studies have also demonstrated that carbonate accurately reflects the composition of the 
whole diet, regardless of the proportion of proteins and carbohydrates in the diet (no trophic level 
differences). Therefore, diet-apatite spacing differs from diet-collagen spacing because it does not 
change based on diet; however, it does vary based on animal species due to differences in 
metabolic CO2 (and methane production) (Ambrose and Norr 1993; Tykot et al. 2009). 
 Bone apatite is more enriched than bone collagen, with reported fractionations of +9.5‰ 
(according to experimental data on rats), 12‰-14‰ (from empirical data on large herbivores), 
8.7‰ to 13.3‰ (pigs), and 10‰ for carnivores, regardless of the food consumed. A compilation 
of animal research has produced a range of +8‰ to +14‰ (Ambrose and Norr 1993; Bocherens 
2000; Harrison and Katzenberg 2003; Hedges 2003; Krueger and Sullivan 1984; Lee-Thorp et al. 
1989; Tykot et al. 2009). Three apatite spacing models for humans have been proposed by 
researchers, which include +9.5‰, +12‰, and +13‰ (Ambrose and Norr 1993; Harrison and 
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Katzenberg 2003; Prowse et al. 2004). Harrison and Katzenberg (2003) tested the +9.5‰ and 
+12‰ models and found that +12‰ was more reflective of a true diet in humans. Tykot et al. 
(2009) experimented with all three models on archaeological sites that should and should not have 
evidence of C4 consumption in the diet and found similar results. By applying a +9.5‰ spacing 
model, considerable amounts of non-protein C4 resources were suggested during periods when 
there was no archaeological evidence of its consumption. On the other hand, using the +13‰ 
model underestimated the percentage of C4 resources calculated in the diet during a known period 
of C4 consumption. Therefore, it appears that using a +12‰ spacing model is more reflective of 
human diet and will be used for this research.  
 
5.4.1.3 Carbon Collagen and Apatite 
Research has demonstrated that collagen is representative of the protein component of diet, 
thus it alone is not representative of the complete diet. In addition, carbon apatite is more 
representative of the carbohydrate and lipids fractions of diet, and can underrepresent protein 
sources (Ambrose and Norr 2003; Froehle et al. 2010; Hedges 2003; Schoeninger 2010). 
Therefore, it is important to look at both carbon collagen and apatite values when interpreting past 
dietary contributions. For example, elevated 13Cco values (along with nitrogen discussed below) 
can indicate the consumption of marine organisms, which is useful for distinguishing between C3 
terrestrial foods and marine diets (Walker and DeNiro 1986). However, sometimes the carbon 
protein component of diet from marine and freshwater organisms and terrestrial plants resources 
overlap. This may lead to an underrepresentation of the terrestrial component, as marine resources 
tend to be protein rich (Ambrose and Norr 1993; Lee-Thorp et al. 1989). In addition, collagen 
tends to over-represent the importance of animal protein in the diet and may not show low protein 
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plant foods if there are no animal protein shortages in the diet (Ambrose and Norr 1993; Froehle 
et al. 2011; Leatherdale 2013). On the other hand, in low protein diets 13Cco will approach values 
similar to 13Cap, as carbohydrates are used to synthesize the necessary amino acids (Hedges 2003).  
Therefore, to get the most accurate assessment of dietary contributions both collagen and 
apatite should be modeled together (Ambrose and Norr 1993; Froehle et al. 2010; Lee-Thorp et al. 
1989). Traditional models suggest that if an individual consumed a predominately C3 diet, their 
13Cco values would be around −21.5‰, and around −7.5‰ for a mostly C4 diet. On the other 
hand, when using 13Cap values, a value of −14.5‰ is similar to a C3 plant-based diet whereas a 
value of −0.5‰ is C4. For consumers eating both C3 and C4 diets, 
13C values for collagen and 
apatite would be intermediate (−14‰, −7‰ respectively) (Figure 4) (Tykot 2006, 2014). 
Dietary spacing between 13Cap and 
13Cco (represented by ∆), allows for further dietary 
assessment between protein and total dietary intake (Hedges 2003; Pollard and Heron 2008). 
Krueger and Sullivan (1984) found that a traditional herbivore diet results in ∆ 13Cco-ap of ~7‰, 
carnivores ~4‰, with variations in omnivores (~5‰), which was also reproduced by Clementz et 
al. (2009). Krueger and Sullivan (1984) proposed that a range of 0-2‰ indicates a marine protein 
with C3 carbohydrates diet, 5-7‰ represents an omnivorous diet, and 10-12‰ is mostly terrestrial 
protein and C4 plants. Thus, individuals with lower 13Cco values consumed higher terrestrial 
protein, and individuals with a lower 13Cap consumed mostly C3 plants, while higher 
13Cco values 
indicate marine proteins, and higher 13Cap indicates C4 plants.  
These values alone do not account for various combinations of protein or whole diet, so 
further analyses were conducted to assess dietary contributions from various sources (Kellner and 
Schoeninger 2007). Kellner and Schoeninger (2007) devised an effective way to plot 13Cco and 
13Cap values to understand the contributions from C3 and C4 protein and energy resources, and 
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marine contributions apart from the traditional ∆ 13Cco-ap values. They developed regression lines 
from experimental animal feeding studies, which produced C3, C4, and marine protein lines. Those 
who consume strictly C3 energy (terrestrial plants) fall at the more negative lower end, while those 
consuming strictly C4 energy are at the top. Mixed resource diets will plot midway. The marine 
protein line eventually converges with the C4 energy line with more negative apatite values, which 
looking at nitrogen values can then help distinguish protein sources. Thus, the position of an 
individual in regard to each line on the collagen axis is informative of the dietary protein, while 
their location along the apatite axis detect the ratios of C3 and C4 foods (Froehle et al. 2012). 
Froehle et al. (2012) expanded on this research by incorporating nitrogen values, which will be 
explained below. 
 
5.4.2 Nitrogen 
Nitrogen is found in bone collagen and dentin, and can be used to distinguish between 
different terrestrial and marine animal and plant protein sources (Ambrose 1991, 1993). Nitrogen 
isotope ratios are influenced by how nitrogen is obtained; most commonly through symbiotic 
bacterial fixation (bacteria use atmospheric nitrogen, which is incorporated via plant roots) or from 
soil nitrates (derived from decomposing organic material), with atmospheric N2 as the standard 
value 0.0‰ (Ambrose 1991; Katzenberg 2008; Leatherdale 2013). Legumes use nitrogen fixation 
and generally occupy the lowest trophic position with 15N values near zero (0-4‰), while other 
terrestrial plants using soil nitrates have slightly higher values ~5‰ (DeNiro and Epstein 1981; 
Leatherdale 2013; Mays 2002). Generally, 15N values are positively correlated with trophic level 
(position occupied in the food chain) in terrestrial ecosystems, and especially in marine systems, 
where isotope ratios are increasingly enriched as 15N travels up the food chain. This is because 
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is preferentially incorporated over 14N in the breakdown of protein and excretion of nitrogen, 
leading to an enrichment factor (Ambrose 1993; DeNiro and Epstein 1981; Schwarcz et al. 2010; 
van der Merwe 1982).  
Animal feeding studies (mice, pigs, rats) have shown variations in the amount of 
enrichment through each trophic level, with ranges from +1.5‰ to +6‰ from different regions; 
however, the average enrichment for terrestrial animals (and often used for archaeological dietary 
reconstructions) is +3‰ to +4‰ (Ambrose 2000; DeNiro and Epstein 1981; Hare et al. 1991; 
Minagawa and Wada 1984; O’Connell et al. 2012). Schoeninger and DeNiro (1984) and Minagawa 
and Wada (1984) also found a +3‰ trophic level offset for marine systems. Thus, herbivores have 
an enrichment of 3‰ (with values ~6‰) followed by carnivores eating herbivore meat (with 
values ~9‰), with 3‰ enrichment for each trophic level (Katzenberg 2008; Schoeninger and 
DeNiro 1984; O’Connell et al. 2012; Reitsema 2013). Schoeninger and DeNiro (1984) found that 
the highest 15N value for terrestrial animals was 10‰, with a mean of 5.9‰.  
Marine foods incorporate nitrogen from nitrates in seawater, which is enriched in 15N 
leading to higher values than terrestrial plants (Mays 2002). For example, Schoeninger and DeNiro 
(1984) found marine fish ranged from 11.4‰ to 16.0‰, with an average of 14.8‰, with marine 
mammals 11‰ to 23‰. Minagawa and Wada (1984) found values from 10.6‰ to 12.7‰ with an 
average of 11.7‰, and found that shellfish (mussels, shore crabs) had 15N values from 8.4‰ to 
9.5‰. Schoeninger and DeNiro (1984) found that freshwater fish can show variation in values and 
overlap with terrestrial animals (average 8‰), while some reef fish can exhibit lower 15N values 
due to nitrogen fixing algae they consume (Schoeninger and DeNiro 1984). Based on these values, 
humans who consume terrestrial plants and animals will have 15N values in bone collagen that 
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are ~6-10‰ and higher values for marine resources (~12-22‰) (Tykot 2004; Richards and Hedges 
1999; Schoeninger and DeNiro 1984).  
In addition to diet, 15N values are influenced by climatic and other cultural factors such 
as rainfall, altitude, salinity of soil, and fertilization, meaning diet alone does not account for 
variation at higher trophic levels (Ambrose 1991; Fraser et al. 2011; O’Connell et al. 2012; Tykot 
2014). In hot, dry, and marine coastal climates, inhibited nitrogen fixation in soil leads to increased 
15N values in plants, and nitrate from sea spray can influence soil and plant values. In addition, 
drought tolerant species excrete highly concentrated urine, with the retention of 15N for tissue 
synthesis, thus increasing 15N values compared with water-dependent species (Ambrose 1991, 
2000; Schoeninger and DeNiro 1984). In cool forested areas, 15N values are lower from higher 
nitrogen fixation and mineralization (Ambrose 1993; Larsen 2015). Also, 15N values decrease at 
higher altitudes, in moist areas with increased rainfall (due to higher rates of fixation similar to the 
Mediterranean climate), and in forested areas (less than 6‰) (Ambrose 1991). Animal manure, 
which was the common fertilization mechanism in Roman and medieval periods, has been shown 
to increase 15N values due to bacterial reactions resulting in the loss of the lighter 14N isotope. 
Fraser et al. (2011), Choi et al. (2003), and Bogaard et al. (2007) found that fertilization can enrich 
15N values by ~6‰ or more, and also increases with rainfall. This could be a significant factor in 
interpreting the isotope values from the Veneto, since cow manure was used, and climatic data 
show an increase in precipitation during the Early Medieval period (Duby 1974).  
 
5.4.3 Collagen Carbon, Apatite Carbon, and Nitrogen Isotopes Analysis 
By analyzing 13Cco, 
13Cap, and 
15N isotope values, a clearer picture of what proteins and 
plants were consumed can be presented, which is the best way to approach ancient diet analyses 
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(Clementz et al. 2009; Katzenberg 2008). For example, both carbon and nitrogen isotopes are 
needed to distinguish marine resources. The marine ecosystem is influenced by carbonate values 
in water and their trophic status, leading to saltwater fish having more positive 13Cco values 
similar to C4 plants, but higher 
15N values (15-20‰) (Katzenberg 2008; Tykot 2014). In addition, 
freshwater fish have higher 15N values (10‰ to 14‰) with 13Cco values similar to C3 plants, 
though fish living in different habitats can show wide variation in their 13C values (−24‰ to 
−14‰), as previously discussed (Katzenberg and Weber 1999; Schoeninger and DeNiro 1984; 
Tykot 2006). In populations that consume both terrestrial and marine food sources, 15N isotope 
ratios are usually around 10‰ (Figure 5) (Tykot 2006).  
 
Figure 5. 13Cco and 15N food ratios (after Tykot 2006) 
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By analyzing 13Cap in addition to 
13Cco and 
15N, C4 and C3 plants can be distinguished, 
even if small amounts of C4 plants were consumed in a C3-based diet (Tykot 2014). Froehle at al. 
(2012) adapted the carbon and apatite graph developed by Kellner and Schoeninger (2007) and 
included the use of nitrogen isotopes to alleviate the limitations of distinguishing between C4 and 
marine sources of protein. The researchers utilized published data from archaeological human 
populations with evidence of diet, and those from animal experimental data to perform a cluster 
analysis and discriminant function analysis to see if different dietary patterns in resource 
consumption could be deduced from all three isotopic variables (13Cap, 
13Cco, 
15N). Their results 
clustered the data into five dietary groups, which included: a mainly C3 diet/protein, with 
13Cco 
−20.3‰, 13Cap −14.8‰, and 
15N 12‰; a mainly C4 diet (70%) with a mixed C4 (>50%) and C3 
protein component with 13Cco −11.3‰, 
13Cap −5.0‰, 
15N 10.1‰; a 50% C3 and C4 diet and 
50% marine component with isotopic signatures of 13Cco −10.5‰, 
13Cap −7.8‰, 
15N 17.7‰; a 
70% C3 diet, with ≥65% C3 protein (
13Cco −18.6‰, 
13Cap −11‰, 
15N 11.4‰); and a 70% C4 
diet with mostly ≥65% C3 protein (
13Cco −15.3‰, 
13Cap −5.9‰, 
15N 8.8‰). They conclude that 
using all three isotopic values for interpretation is necessary to get a complete picture of protein 
and energy consumption amongst populations. 
 
5.5 Migration 
Oxygen stable isotopes are useful for understanding human migration and place of origin 
and for testing the hypothesis that populations remain relatively fixed (Bentley et al. 2005; Budd 
et al. 2004; Chenery et al. 2010; Killgrove and Montgomery 2016; Montgomery et al. 2005; 
Prowse et al. 2007). Oxygen is found in tooth enamel and bone in the form of phosphate and 
carbonate, which can help identify the geographic origin of ancient people through local meteoric 
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water sources based on the timing of bone and dental formation (Katzenberg 2008; Prowse et al. 
2007; Tykot 2006, 2014). The assumptions when using oxygen stable isotope analysis are that 
different geographic areas have oxygen signatures unique to that area, and that differences can be 
determined from preserved precipitation signatures in the human body (Lightfoot and O’Connell 
2016). 
Local meteoric water varies based on environmental parameters, but is enriched in 
becauseevaporates more readily, leading to higher values (Lightfoot and O’Connell 
2016). is directly related to climate and water sources, and is affected by humidity, elevation, 
temperature, and increasing latitude (Longinelli 1984; Luz et al. 1984; Schwarcz et al. 2010). 
decreases with distance from the coast, at high elevation, with decreasing temperature of 
precipitation, and with increasing latitudes because becomes depleted relative to  
(Dansgard 1964; Katzenberg 2008; Schwarcz et al. 2010). For example,  is positively 
correlated with surface temperature at high latitudes, and negatively correlated with the amount of 
rainfall in tropical regions (Lightfoot and O’Connell 2016). In general, Lecolle (1985) found a 
decrease in precipitation from west to east in Western Europe, and a range of −10‰ to −3‰ around 
the Mediterranean coast (Bentley and Knipper 2005; IAEA/WISER 2008; Longinelli and Selmo 
2003). According to Prowse et al. (2007), we know how changes over the Italian landscape, 
since it is controlled by latitude and elevation, and there are documented meteoric 
precipitation maps (Longinelli and Selmo 2003; Bowen and Ravenaugh 2003). In addition, 
Lightfoot and O’Connell (2016) assessed the oxygen isotope range of Europe and suggest this 
technique works best in areas near the Alps (where this research takes place) and northern 
Scandinavia. 
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The oxygen found in human body water comes from drinking water, water in consumed 
plants and animals, and inhaled oxygen (Katzenberg 2008; Luz et al. 1984). Body water has a 
higher value than ingested water because more is lost relative todue to sweat, urine, 
and metabolic fractionation (Katzenberg 2008; Longinelli 1984; Luz et al. 1984). Therefore, body 
water is an isotopic reflection of water leaving and entering the body (Prowse et al. 2007). Just as 
with carbon and nitrogen, oxygen in phosphate and carbonate undergoes fractionation, which has 
been shown by Longinelli (1984) to be independent from climate and environment, as it is formed 
in the human body at a constant temperature (~37° C). There is a linear relationship between  
phosphate in mammalian tissue and drinking water, which is well understood and used in linear 
regression equations to calculate  isotopic values from bone and teeth (Longinelli 1984; Luz 
et al. 1984; Pollard et al. 2011). These equations will vary based on species, as the amount of 
drinking water, energy expenditure, and the form of water taken in affects the slope of the 
regression lines (Luz et al. 1984). 
 carbonate, which is easier to analyze and often produced with carbon values, needs 
to be converted to  phosphate to utilize these equations (Bryant et al. 1996; Iacumin et al. 
1996). Bryant et al. (1996) found that  carbonate is ~8.7‰ more enriched than phosphate 
(Iacumin et al. 1996 found 9.2‰), with a strong linear relationship between the two (fractionation 
factor is 1.0090 at 37° C) (Iacumin et al. 1996). Iacumin et al. (1996) developed the following 
equation for converting carbonate vales to phosphate, with similar equations reported by Bryant et 
al. (1996) and Martin et al. (2008): 
18OPhosphate= 0.98 * 
18OCarbonate – 8.5 
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Chenery et al. (2012) produced a similar equation that they suggest is better for cold, temperate, 
and warm humid climates, while the previous equation from Iacumin et al. (1996) works well for 
hot-arid climates. 
Longinelli (1974), Levinson et al. (1987), and Luz et al. (1984), devised least squares 
regression equations to calculate mean phosphate values of human enamel directly with 
drinking water, which could then be compared with modern meteoric maps (Levinson et al. 1987; 
Luz et al. 1984; Pollard et al. 2011). Daux et al. (2008) compared these published regression 
equations with a new data set of 38 individuals from recent populations from Cameroon to 
Greenland, and found no significant differences between the equations for predicting mean values; 
however, they devised an overall new equation from these previous equations with reduced error 
ranges: 
18Odw= 1.54 * 
18OPhosphate – 33.72 
Chenery et al. (2012) devised a formula for converting directly from carbonate to drinking water, 
combining their regression equation with Daux et al. (2008): 
18Odw=1.59* 
18OCarbonate – 48.634 
In addition, the researchers compared local tap water and rainwater from each location, and 
cautioned that the tap water samples and annual precipitation values did not correlate with each 
other in all areas (Daux et al. 2008). The researchers suggest that tap water is more representative 
of what humans would have consumed in the past, because it is pumped from shallow aquifers that 
accumulated from precipitation. In the Mediterranean, there is an area altitude effect (−0.4‰ to 
−0.2‰), meaning that water derived from tributaries or rivers might not be representative of the 
yearly mean because it is not buffered by large reservoirs. Notably, Luz et al. (1984) found a 
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difference of 1‰ and 2‰ in low and high latitude areas; therefore, it is always best to utilize local 
measured waters, rather than precipitation (though this is difficult for ancient studies).  
Food consumption is an additional factor that can influence values. The amount of 
18O in food is generally higher than the local environmental water, as plants and meat have been 
shown to be enriched in 18O compared to meteoric water (Daux et al. 2008). Daux et al. (2008) 
found that water from cooked foods generally has higher 18O values due to water evaporation and 
exchanges between cooking water and food water. In addition, they tested raw and cooked food 
oxygen isotopic values, and found that the values are similar if the raw food was hydrated, with 
fractionation values ranging from 1.2‰-6.2‰. Cereals, legumes, meat, and fish are generally 
cooked, which increases their 18O enrichment; however, a diet of mostly cooked cereals will 
produce lower values than diets that are cereal-free or more balanced. The researchers found that 
the maximum enrichment of human isotopic data from consuming either a raw food diet with high 
proportions of meat and vegetables, or a mainly cooked vegetable diet will enrich human enamel 
by 1.1‰, thus this could increase the 18O values for drinking water.  
 
5.6 Conclusion 
 This chapter summarized stable isotope principles and how they are applied to 
investigating diet and migration. The principles stress the various factors that can affect 
interpretation, and the need to use multiple lines of isotopic evidence for accurate interpretations. 
The next chapter will review the application of these methods to previous research on 
migration/mobility and diet from Italy and adjacent regions. 
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CHAPTER 6: LITERATURE REVIEW  
 
6.1 Introduction 
 This chapter outlines the relevant literature for addressing the two main questions of this 
dissertation: 1) identifying the migrating Langobard population, and; 2) investigating dietary 
impacts during the transition from Late Antiquity to the Early Medieval period. To address the 
first question, the first part of this chapter summarizes water usage in northeastern Italy, as this 
affects the potential isotopic signatures, followed by isotopic studies on migration in Italy and 
adjacent regions. To address the second question, the second part of this chapter outlines relevant 
paleodietary studies from the Roman to medieval period. 
 
6.2 Mobility 
6.2.1 Water Supply 
 The water supply in medieval Italy varied depending on location, and consisted of 
aqueducts, cisterns, springs, rivers, and wells (Magnusson and Squatriti 2000; Bono and Boni 
1996; Squatriti 1998). In general, aqueducts were not prominent in rural areas of Italy, except near 
monasteries and castles, because there were not enough people to adequately maintain them 
(Squatriti 1998). Aqueducts in cities and quasi-urban areas often complimented, instead of 
replacing, wells and cisterns with the latter directed at household use (Squatriti 1998). 
Archaeological traces of stone aqueducts during the Early Medieval period were from towns such 
as Ravenna and Brescia, which were important urban areas during the Roman period, and 
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Langobard rule (Squatriti 1998; Squatriti 2000). Historical records describe the breakdown of 
aqueduct systems with the Goth arrival in Rome, and by the end of the Middle Ages there were 
barely any in use. In general, the Early Medieval period was characterized by a “natural” 
hydrology, with a lessened impact of man-made structures (Magnusson and Squatriti 2000). Thus, 
aqueducts in Langobard Veneto were not a primary source of water (Bono and Boni 1996).  
 The Langobard law codes describe the use of cisterns for water collection, as they were 
common in fortified settlements (Drew and Peters 1973). In addition, cisterns were common in 
hilltop areas, and more widespread than wells. Written records indicate the Langobards 
constructed a counterweight mechanism for raising water in Langobard wells, confirming that 
aqueducts were not the normal form of water acquisition in the Veneto (Squatriti 1998). In 
addition, water became privately owned from Late Antiquity to the Early Medieval period. This 
meant the elite administered access to their water, and Langobard law codes encouraged private 
owners to share this water (Drew and Peters 1973). In Vicenza, an inscription on a water basin 
suggests the Langobards were concerned about water and access for its inhabitants. In some areas, 
monumental fountains (fed by rainwater cisterns) were constructed for public use (Magnusson and 
Squatriti 2000; Squatriti 1998). 
In rural areas during the Early Medieval period, most did not have the luxury of piped 
water, and relied on cisterns, wells, springs, lakes, and streams for domestic purposes (Squatriti 
1998). This would have been the case for some areas of the Veneto, especially those that were 
more inland and not located near the two main rivers (Po and Adige), such as the two sites used 
for this research Sovizzo and Dueville located in Vicenza. In addition, the main water sourcing for 
domestic use appears to be cisterns and wells due to their rural locations. Evidence of rainwater 
collection and filtration was found during excavations at San Basilio (sub-circular well 5 m in 
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diameter), and Desmontà (rectangular wells) in Rovigo, both are sites used in this research 
(Marcassa and Paganotto 2009; Melato 2015). Therefore, the main sources of water for the 
inhabitants used for this study were rainfall and spring water (Figure 6). 
 
 
Figure 6. Map of main rivers and lakes in the Veneto relative to site locations (in blue), modified 
from Google Maps (2019) 
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6.2.2 Migration Studies in Italy 
 The use of oxygen stable isotope analysis for understanding migration in Italy is limited, 
with only a few published studies from the Roman period (Prowse et al. 2007; Killgrove and 
Montgomery 2016; Emery et al. 2018); however, Salesse et al. 2018 created an isotope database 
called IsoArcH, a collection of isotope studies around ancient Europe (http://www.isoarch.eu). The 
studies from the Roman period suggest that drinking water consumed by the Roman population 
came from spring-fed aqueducts, supplemented by local wells and cisterns. These aqueducts were 
a product of rainfall over the course of a year, meaning there should not be significant seasonal 
variation in 18O values. Above ground aqueducts were lined with concrete, and water was 
collected in urban areas from large covered basins. However, the local rainwater that was collected 
came from various rivers and springs that could be as far as 7 km away, and at higher elevations, 
leading to values a full 1‰ lower than Rome (Killgrove and Montgomery 2016). Wine, largely 
imported from around the Roman Empire, was normally diluted with local drinking water; 
therefore, it should not significantly impact 18O signatures (Prowse et al. 2007; Purcell 1985).  
Tracy Prowse et al. (2007) was the first study to use oxygen isotopes to assess population 
movement in the Imperial Roman world from the cemetery site of Isola Sacra, associated with 
Portus Romae. This was the port in Rome, and was believed to have had a mixed/mobile population 
with continuous immigration, based on epigraphic descriptions of slaves from Asia, Palestine, and 
Egypt. The researchers established a local rainwater value of −5.7‰ VSMOW, according to 
Longinelli and Selmo (2003), and therefore a “local” enamel range of −6‰ to −4‰ VPDB, which 
a modern control sample of 19 teeth fit well within. A total of 61 pairs of teeth (M1 and M3) were 
used from Isola Sacra, and 35 from a Graeco-Roman cemetery in North Africa with values reported 
in VPDB. The researchers found that 14 individuals from Isola Sacra migrated as children, with 
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only one showing a high value (−1.3‰) that could potentially be a migrant from North Africa 
(range of −1.1‰ to 0.6‰). The other individuals had lower values that occurred on a continuous 
gradation, suggesting they came from the Apennine Mountains or possibly further north of Italy, 
as 18O precipitation has been found to decrease northward with elevation and a decrease in 
temperature. The researchers suggest that traditional ideas about male adult migrants should be 
reevaluated, as this study showed that children were moving throughout the Empire. Stark (2017) 
integrated strontium isotope analysis to the data from Prowse et al. (2007), and showed that 1/3 of 
the sample was non-local to the city of Portus Romae. 
Kristina Killgrove and Janet Montgomery (2016) built upon the previous research from 
Prowse et al. (2007) with oxygen and strontium isotopic data from two Imperial Roman sites, Casal 
Bertone (n=41) and Castellaccio Europarco (n=14). The researchers constructed a local oxygen 
baseline by assessing the variation within their sample and comparing the data to Prowse et al. 
(2007). Their values ranged from 24.3‰ to 28.9‰ VSMOW (range of 4.6‰), with a mean of 
26.3‰ ± 1.1. The researchers than converted their values to drinking water, and found that most 
of the results fall in line with the values found by Prowse et al. (2007), drinking water values for 
Rome (−6‰ to −5‰ VSMOW), and the eastern aqueduct water values (−7 to −6‰ VSMOW). 
Four individuals appeared to be non-local, with an emphasis on males and children (females were 
generally underrepresented in the cemetery samples), although the data produced a large spread 
suggesting centripetal migration (around Rome). One individual had a low oxygen value 
suggesting a location that was cool and wet (Apennines), while the others had a higher value 
suggesting a hotter/dryer climate (North Africa).  
 Matthew Emery and colleagues (2018) also tested migration at the Imperial (1-4th century 
AD) site of Vagnari in southern Italy, geographically located outside the center of the Roman 
103 
 
Empire (Rome). Vagnari was an Imperial estate, comprised of a vicus and cemetery, and located 
away from major commercial trade routes. The researchers tested the hypothesis that the occupants 
at Vagnari were local individuals, and not migrants or slaves acquired from abroad during Imperial 
expansion. An isotopic baseline was constructed from Longinelli and Selmo (2003) and Giustini 
et al. (2016) oxygen precipitation maps, resulting in a 18O range of −8‰ to −6‰ VSMOW. A 
total of 43 teeth were tested against the constructed baseline, with only four individuals exhibiting 
non-local signatures. The researchers suggest that although the four individuals were not local to 
Vagnari, they most likely came from the southern end of the peninsula. 
 These studies show that migration occurred in and outside of Rome from the 1-4th centuries 
AD. Variations exist in the number of migrants, with sites near the city having a higher proportion 
of non-local individuals than rural areas. Unfortunately, no oxygen isotope studies have been 
conducted in Italy from Late Antiquity to the Early Medieval period (4-8th centuries AD), which 
is the focus of this dissertation. 
 
6.2.3 Langobard Migration Studies 
To date, there is one isotopic migration study utilizing strontium isotope analysis and 
ancient DNA (aDNA) analysis by Alt et al. (2014) of the Langobards from Szólád, Hungary during 
the Migration period (6th century AD), and a second aDNA study by Amorim et al. (2018) on 
Szólád and Collegno, Italy. Alt et al. (2014) sampled teeth from 35 individuals for strontium 
isotope analysis, and 28 for aDNA analysis from Szólád, Hungary. Historical records placed the 
Langobards in Hungary for 20 years, so the researches were testing their presence in the cemetery 
sample. Ancient DNA results showed heterogeneity in the population structure, with at least 22 
different lineages representative of European and Near Eastern haplogroups. Two groups showed 
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possible relations based on kinship, otherwise this variation seemed to fit with the heterogeneity 
of the migrating Langobards. Strontium values showed that at minimum of 31% of individuals in 
the sample died in a location other than their birthplace, and females had a wider distribution 
suggesting more mobility into the community. This research confirmed that the Langobard 
migration in Pannonia was a short occupation, and that they interred their dead with local 
populations.  
Amorim et al. (2018) sampled additional individuals from Szólád for aDNA analysis, and 
added a northern Italian cemetery identified as Langobard, Collegno (6-7th century AD), which 
overlapped with the historical timing of the initial Langobard migration. The researchers found 
two ancestral clusters within the cemetery populations, those belonging to central/northern 
European ancestry, and those southern. Amorim et al. (2018) compared these two clusters with 
grave goods and modern genomes and found that the central/northern European ancestry group 
correlated with Langobard grave goods. In addition, these individuals were more closely related 
to populations north of Hungary. The cluster with southern ancestry correlated with simple burials 
or those with no grave goods, which suggests they were local residents. The researchers suggest 
that the central/northern European ancestry group were the Langobards within the cemetery 
because the genomes of the central/northern European ancestry group showed similarities to 
Bronze Age populations north of Hungary, east of the Rhine, and north of the Danube. Thus, the 
two clusters indicate different ancestral origins, confirming the Langobards buried their dead with 
other individuals. In addition, Amorim et al. (2018) analyzed strontium isotopes from the site of 
Collegno and found that individuals with southern ancestry had local strontium signatures, while 
those with central/northern ancestry diverged from the local range, indicating the presence of 
migrants in the northern Italian site.  
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6.2.4 Additional Migration Research 
Oxygen stable isotope studies have also been conducted in adjacent regions to Italy, which 
is relevant for this research since the Langobards migrated through Germany, Czech Republic, 
Austria, Hungary, and Slovenia. Oelze et al. (2012) analyzed nine enamel samples for oxygen 
isotope values from an Early Bronze Age site from southern Germany (Singen) to explore whether 
the material goods found at the site were due to the movement of people or trade. The researchers 
determined that the value ranges for oxygen isotopes within the area should be −12.2‰ VSMOW 
based on reconstructed local meteoric water and −13.4‰ to −12.1‰ VSMOW for water sampled 
from the nearby lake. In addition, values reconstructed for local meteoric water from Hegau, 
southern Germany by Bentley and Knipper (2005) were −12.2‰ for Singen-Offweise, consistent 
with those from Singen. Schürch et al. (2003) also documented mean annual oxygen precipitation 
for the Swiss Alps as −13.3‰ to −9.7‰ VSMOW, which was within the expected range for 
Singen. The value ranges for the sample population from the southern German site were 13.8‰ to 
16.6‰ VSMOW, which was converted to a predicted mean drinking water value using equations 
by Levinson et al. (1987) to −11.5‰ ± 1.7. The researchers concluded that the individuals sampled 
from Singen were local.  
Oelze et al. (2012) compared their values to other known sites from southern Germany and 
Swiss regions and found a mean oxygen value of 14.7‰ ± 0.5 VSMOW from Zurich, and 14.2‰ 
and 13.6‰ VSMOW from two Neolithic pig teeth from Singen-Offweise, which also fell in the 
range of their sample (Bentley and Knipper 2005; Tütken et al. 2008). On the other hand, when 
they looked at values from coastal France (Lorraine) and Britain (two potential regions they 
presumed people would have migrated from based on artifacts), the values differed significantly. 
Samples from Lorraine, western France showed a value range of ~16-18‰ VSMOW for the 
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historic period, and 15.2‰ to 19.2‰ VSMOW for samples from the 3rd to 17th century. For 
prehistoric southern Britain, values were ~16-19‰ VSMOW (Daux et al. 2005; Evans et al. 
2006a).  
Evans et al. (2006) analyzed a 4th century AD cemetery in southern England they believed 
contained migrants from the Hungarian basin that arrived with the Roman army. Sixteen burials 
within the site appeared to be nonlocal based on burial rites that aligned more with groups from an 
area in Hungary during the second half of the 4th century AD. The burials considered nonlocal had 
larger quantities of burials goods, such as jewelry and personal equipment and vessels different 
from the practices of the Romano-British. Established modern day ranges of −9‰ to −4‰ 
VSMOW have been used for the UK, and previous archaeological research from Anglo-Saxon 
sites in central England and Yorkshire present average values of −7.8‰ ± 2.8. Local groundwater 
values from Winchester indicate −6.5‰ ± 2.8 VSMOW as a reasonable average for the study 
sample. For central Europe, oxygen drinking water values should be more depleted, especially in 
mountainous areas, with values more negative than −9‰ VSMOW (Lecolle 1985). The 
researchers found that the sample they assumed to be local Romano-British fell within the local 
range (−6.7‰ ± 2), while the burials deemed non-local had a wide spread of signatures, still 
suggesting non-local origin to England, but not necessarily all coming from the same population. 
These values ranged from −13.2‰ to −10.4‰, suggesting areas in continental Europe, possibly 
from mountainous regions, such as Italy/Austria. For example, the average isotope value reported 
from the Iceman site in the Italian/Austrian Alps was −11.5‰ ± 2.6 VSMOW, with water values 
−13.4‰ VSMOW (Müller et al. 2003). In addition, Müller et al. (2003) showed that oxygen values 
for rivers north of the Alpine watershed (Austria) were lower by 1-2‰ than southern rivers in 
Italy. 
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Gerling et al. (2012) analyzed the dental enamel of eight individuals from the Late 
Neolithic and Early Bronze Age burial mound of Sárrétudvari-Orhalom from the eastern part of 
the Hungarian plane. This period and area experienced periods of high mobility for economic 
purposes, with many cultures practicing transhumance. The researchers established expected 
oxygen values using the Online Isotopes and Precipitation Calculator (www.waterisotopes.org), 
due to no comparative data available for the region (Bowen 2003). Thus, for the Eastern Great 
Hungarian Plain, Gerling et al. (2012) established a local range of −8.5‰ to −6.5‰ VSMOW. The 
burials clustered into two groups based on isotopic values, with the first group falling within the 
local range, and the second consisting of more negative values with a potential place of origin from 
the Carpathian Mountains (−11‰ to −8‰ VSMOW). The isotope results coupled with the material 
evidence suggest these individuals were from a different ethnic group who migrated into the area 
and were buried with local individuals.  
 
6.2.5 Migration Summary 
 Research on migration in Italy and adjacent regions shows that from the 1-7th century AD, 
there was significant evidence for mobile populations. In Italy, the individuals considered non-
local mainly came from other regions of Italy (north or south), while there was evidence of a few 
individuals from drier regions such as North Africa. For the Langobard aDNA and strontium 
analyses, research confirmed their presence along historically documented migration routes. In 
addition, isotopic studies from Germany and Hungary provided comparative data for known places 
where the Langobards migrated. This research aims to contribute more information on potential 
sites considered Langobard in Italy. 
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6.3 Diet 
 Previous dietary research in Italy has been focused on multiple themes, including 
understanding socioeconomic differences in diet, sex-based differences, and the importance of 
fish. Specifically, the review of the literature below discusses the impact of millet, often considered 
a low socioeconomic food source, on the diet of individuals across time and place. In addition, it 
discusses the variable usage of fish by various groups throughout Italy. 
 
6.3.1 Bronze Age to Roman Period 
Millet was considered a low status food source and utilized as animal fodder during the 
Roman and medieval periods; however, it was recorded in the Italian Alps and Po Plain in the 
Veneto beginning in the Early Bonze Age (Tafuri et al. 2018). Tafuri et al. (2009) analyzed C/N 
collagen in 39 human and six faunal samples from northern (Veneto) and southern Italian sites, 
and found enriched 13Cco values for the northern occupants (−15.2‰ ± 0.8 versus −19.6‰ ± 0.2 
for the south). When looking at 15N values (7.8‰ to 11.1‰), the researchers suggest the lower 
15N values coupled with the high 13Cco values imply the direct consumption of millet (Larsen 
2015; Tafuri et al. 2009). Millet can grow in variable climates, which may be why it was utilized 
in northern Italy, which experienced environmental instability. It has not been found at southern 
Italian sites, which usually have a more consistent climate (Tafuri et al. 2009). 
Tafuri et al. (2018) expanded their initial study to include more Bronze Age sites from the 
Veneto (Olmo di Nogara, Dossetto di Nogara and Bovolone) and Friuli (Mereto, Gradisca di 
Codroipo, Monte Orcino/Urcin) totaling 111 human samples and 35 faunal remains (cattle, pig, 
sheep/goat, and freshwater fish). The researchers found variability in the faunal remains, with 
13Cco ranging from −20.5‰ to −18.7‰ for Friuli and −20.6‰ to −17.1‰ for the Veneto (−25.7‰ 
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to −20.5‰ for fish), while 15N values were 4.5‰ to 4.7‰ for Friuli and 4.8‰ to 6.9‰ for the 
Veneto (7.9‰ to 12.7‰ for fish), suggesting the majority of animals were consuming C3 
resources. For the human values from the Veneto, the 13Cco values suggest the direct consumption 
of C4 plants (−14.9‰ ± 1.1 for Olmo di Nogara, and −15.2‰ ± 2.4 for Bovolone). The 
13Cco 
values from Friuli (−17.7‰ from Mereto, −19.6‰ ± 0.3 from Monte Orcino/Urcin) indicate a 
mixed C3/C4 diet. 
15N values ranged from 8.5‰ to 9.4‰ for the Veneto, and 8.3‰ to 8.7‰ for 
Friuli. These results suggest a more varied diet in the Veneto with a reliance on C4 plants and 
limited contributions of herbivore animal protein, while the samples from Friuli consumed C3 
plants and animals. In addition, Tafuri et al. (2018) found significant differences in 15N values 
for sex, with males having more access to proteins. In terms of social status (based on burial 
goods), only females showed variations in protein contributions between those with and without 
goods. Thus, they conclude that millet was introduced into the diet in northeastern Italy during the 
early phase of the Bronze Age.  
Laffranchi et al. (2016) also found strong evidence for C4 consumption in a Pre-Roman-
Celtic population during the 3rd to 1st century BC from the necropolis Seminario Vescovile in 
Verona. They performed C/N collagen analysis on 90 human ribs and seven faunal remains. The 
majority of the animals exhibited 13Cco values consistent with a C3 diet (−19.3‰ ± 1.4) except for 
two who showed contributions from C4 plants (−13.4‰ ± 0.3). Human 
13Cco values ranged from 
−20.2‰ to −9.7‰ with a mean 13Cco value of −15.3‰ ± 2.2. For 
15N, values ranged from 6.9‰ 
to 12.9‰ with a mean of 9.4‰ ± 1.3, similar to the Bronze Age 13Cco values for the Veneto. The 
researchers also found significant differences between the sexes, with females consuming higher 
amounts of C4 plants and less protein.  
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Interestingly, millet has not been found in high quantities during the Roman period. 
Killgrove and Tykot (2013) found isotopic evidence of its possible consumption in a suburban 
cemetery outside the walls of Rome. They assessed dietary variability (13Cco, 
15N, and 13Cap) 
between two middle Imperial Roman period sites, Casal Bertone (periurban necropolis and 
mausoleum) and Castellaccio Europarco (suburban/agricultural). The burials suggested lower 
class individuals, with possible socioeconomic variation in Casal Bertone due to differences in 
burial location. The average values from Casal Bertone were 13Cco −18.2‰ ± 0.6, 
15N 10.0‰ ± 
1.5, and 13Cap −12.7‰ ± 0.5, while Castellaccio Europarco was 
13Cco −18.5‰ ± 0.6, 
15N 9.5‰ 
± 1.3, and 13Cap −10.5‰ ± 0.8 suggesting a diet of mainly C3 plants and herbivores, with some 
contributions from fish and/or C4 plants such as millet. The researchers found no significant 
differences in values, except for 13Cap between Casal Bertone (lower average value) and 
Castellaccio Europarco. When 13Cco and 
13Cap values were plotted, individuals from both sites 
were most likely consuming some C4 resources, with individuals from the Casal Bertone 
necropolis consuming more millet than the mausoleum. This could indicate differences in 
socioeconomic status between the burial sites. There were no statistically significant differences 
between males and females.  
In addition to C4 resources, the degree of fish consumption was questioned during the 
Roman period. Prowse et al. (2004) undertook the first stable isotope study on Roman populations 
(1-3rd centuries AD) from a western coastal necropolis in Rome, Isola Sacra from Portus Romae 
(inner port of Rome) and ANAS archaeological site, a nearby small cemetery (rural farmers), to 
explore if fish was an important component to their diet. The researchers sampled 105 individuals 
and 14 fauna (cow, horse, sheep/goat, donkey, fog, fox, and pig), including samples of garum (fish 
sauce), for 13Cco,
15N, and 13Cap. The faunal samples ranged from −21.2‰ to −19.1‰ for 
13Cco 
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and 3.6‰ to 9.3‰ for 15N (higher nitrogen values attributed to the fox and dog), with 13Cap 
ranging from −11.4‰ to −9.8‰. The garum samples averaged 13Cco −14.7‰ and 
15N 6.5‰. 
The isotopic human values for Isola Sacra ranged from 13Cco −19.7‰ to −17.8‰ with an average 
of −18.8‰ ± 0.3 and 15N 7.5‰ to 14.4‰ averaging 10.8‰ ± 1.2, suggesting a terrestrial C3 diet 
with contributions from higher trophic fish than garum. The individuals at the ANAS site ranged 
from 13Cco −20.0‰ to −18.8‰ averaging −19.4‰ and 
15N 6.9‰ to 11.3‰ averaging 9.5‰, 
suggesting a C3 terrestrial diet with the inclusion of herbivore protein (although, some fell in the 
same range of Isola Sacra suggesting they may have been migrant workers). They also found 
differences in 13Cco for sex, with females exhibiting more negative carbon values, while males 
showed higher 15N values overall (though not significantly different) suggesting higher 
contributions of fish (Prowse et al. 2005). Additionally, they analyzed 13Cap using a 13‰ dietary 
spacing model, and found ranges from −12‰ to −10‰ indicating an herbivore diet with 
contributions from marine resources, suggesting the C3 contributions from the 
13Cco were plant 
based.  
Craig et al. (2009) assessed C/N collagen dietary patterns of 117 individuals and 27 faunal 
remains from the Roman necropolis at Velia in coastal Southern Italy (1-2nd centuries AD), and 
compared their data with Isola Sacra (Prowse et al. 2004). Velia, along with Isola Sacra, were port 
facilities involved in fishing, ship construction, and distribution. The faunal mean values were as 
follows: herbivores 13Cco −21.1‰ ± 1.4 and 
15N 3.5‰ ± 1.4; pigs 13Cco −21.0‰ ± 0.4 and 
15N 
4.7‰ ± 2.0; and fish 13Cco −13.7‰ ± 0.1 and 
15N 10.2‰ ± 1.3, with the pigs having similar 
diets to the herbivores. The human 13Cco values ranged from −20.0‰ to −18.7‰, with a wider 
range for 15N 6.4‰ to 14.1‰, separating the sample into two dietary groups. Group one, the 
majority (n=100), consumed a C3 terrestrial diet, with meat and/or dairy products (
13Cco −20‰ to 
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−19‰ and 15N 6.4‰ to 9.6‰), while a second group (n=17) ate mainly meat and some marine 
fish (13Cco −19.8‰ to −19.3‰ and 
15N 9.6‰). This second group may indicate a migrant 
population, as there were no significant differences in burial type and grave goods to suggest 
stratification. In addition, there were statistically significant differences between the sexes, where 
males consumed higher trophic foods (meat/fish) than females. This may be correlated with 
occupation and dietary restrictions. Compared to Isola Sacra, the sample from Velia consumed 
significantly less fish, even though it was a coastal port site.  
The inclusion of fish has also been questioned during the emergence of Christianity in 
Rome. Rutgers et al. (2009) perfumed a C/N collagen isotopic analysis on 22 individuals from an 
Early Christian catacomb in St. Callixtus, from the 3-5th century AD to evaluate Roman Christian 
diet. The 13Cco values ranged from −20.8‰ to −18.9‰ averaging −19.8‰ ± 0.4, and 
15N from 
9.7‰ to 11.9‰ averaging 10.6‰ ± 0.8, suggesting a C3 terrestrial diet. The high 
15N values 
coupled with low 13Cco values suggest the possible inclusion of freshwater fish.  
Killgrove and Tykot (2018) investigated dietary behaviors of individuals buried at the city 
of Gabii during the Roman Imperial period (1-5th centuries AD), and compared their results with 
the studies in this section. The burials were found within previously inhabited areas of the city, 
which became depopulated during the Imperial periods. Twenty-one individual rib samples were 
analyzed for 13Cco, 
15N, and 13Cap. The 
13Cco ranged from −19.3‰ to −15.8‰ with a mean of 
−18.9‰ ± 0.7‰, 15N 8.5‰-11.5‰ with a mean of 10.7‰ ± 0.9‰, and 13Cap −14.6‰ to −9.3‰ 
with a mean of −12.9‰ ± 1.3‰. Using the faunal data recorded from Isola Sacra and Velia, the 
human values suggest a C3 plant and herbivore diet with the incorporation of small amounts of fish 
and C4 plant resources. Males and females did not show any significant differences in isotopic 
values. In comparison with other Roman isotopic studies, Gabii had a higher average 13Cco value 
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than all sites other than Casal Bertone (periurban), suggesting a higher inclusion of C4 resources; 
however, Gabii had a lower apatite value than Casal Bertone and Castellaccio Europarco 
suggesting that C3 resources were still predominantly consumed. In addition, Gabii had higher 
15N values compared with Castellaccio Europarco and Velia, suggesting a greater use of fish 
resources (though not as high as expected with a location near a lake).  
In summary, the isotopic studies from the Roman period show a general trend in C3 
terrestrial resource consumption, with variation in C4 contributions in certain burial locations 
(inland agricultural sites), suggesting lower class individuals most likely consumed millet (as 
suggested in historical sources) (Killgrove and Tykot 2013, 2018). Heterogeneity in diets within 
sites was also evident in the protein component of the diet (range in 15N values) (Killgrove and 
Tykot 2018). Four sites showed the consumption of aquatic resources: Isola Sacra, Velia, St. 
Callixtus, and Gabii, which suggests that fish was incorporated into various Roman diets (though 
it varied by amount). Geography and socioeconomic status contribute to the variation seen in 
Roman diets.  
 
6.3.2 Early Medieval Period 
 The historical and archaeological record indicate that there were changes in dietary 
resources from the Roman to the Early Medieval period. For example, as previously mentioned, 
there was an increase in millet production, possibly as an alternative food production strategy 
during this transitional period. Most recently, a lipid residue analysis found millet in cooking pots 
from Padua, providing clear evidence of the direct consumption of millet from the 6-7th centuries 
AD (Ganzarolli et al. 2018). In addition, historians suggest the emergence of Christianity increased 
fish consumption due to asceticism. The following isotopic studies address these questions. 
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6.3.2.1 Romans/Byzantines 
The transition to the medieval period should indicate an increase in fish consumption, due 
to the effects of fasting restrictions from the church; however, some research suggests regional 
variability in fasting practices (Ciaffi et al. 2013; Reitsema and Vercellotti 2012). Salamon et al. 
(2008) tested this theory by investigating changes from the Early to Late Medieval period from 
two populations in Rome, Castro dei Volsci, southern Latium (6th century AD) and Palazzo della 
Cancelleria (15th century AD), using C/N collagen from 49 individuals. 13Cco values for the 6
th 
century AD site ranged from −20.0‰ to −19.0‰, with 15N 7.0‰ to 9.5‰, while the 15th century 
13Cco ranged from −19.6‰ to −18.0‰ and 
15N 8.5‰ to 15.8‰, with significant differences 
between the two sites. The researchers suggest a change from a traditional C3 terrestrial diet to 
substantial increase in marine resources during the Late Medieval period correlating with a market 
economy in industrial-scale fishing in the Atlantic beginning AD 1000. 
Reitsema and Vercellotti (2012) studied a socially stratified medieval fortified settlement 
around the San Michele church in the Piedmont region (northwest Italy), Trino Vercellese (8-13th 
century AD), to understand food access during the medieval period. They studied C/N collagen in 
dentin and bone of 30 individuals from different socioeconomic burial contexts and sex, and used 
previously published faunal data from a medieval site in France, and from the Tafuri et al. (2009) 
Bronze Age sites. The human dentin samples ranged from 13Cco −20.1‰ to −17.6‰ (mean 
−19.2‰ ±0.7) and 15N 6.7‰ to 12‰ (mean 9.4‰ ± 0.9), while bone ranged from 13Cco −19.9‰ 
to −17.4‰ (mean −19.1‰ ± 0.7) and 15N 8.1‰ to 11.8‰ (mean 9.2‰ ± 0.8) suggesting a 
terrestrial C3 based diet with no fish consumption. Individuals with higher 
13Cco values and low 
15N values directly incorporated C4 plants such as millet into their diet. The dentin-bone spacing 
suggests similar diets in childhood and adulthood, except for lower status individuals who had less 
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access to meat in adulthood (mostly males). There was a significant difference between sexes in 
the 13Cco bone values, with males having higher values than females, and females having more 
consistent diets regardless of social status (possible cultural buffering). In addition, there was 
variation in the bone values between socioeconomic status (high 15N and low 13Cco for high 
status individuals), with those individuals consuming millet falling into the lower-class category. 
The researchers suggest that Christian fasting may not have been observed everywhere, as there 
was a lack of fish in the diet. In addition, the isotopic values of the higher status individuals (higher 
15N) suggest that meat was not abstained from. 
Ciaffi et al. (2013) used C/N collagen on 24 human and three faunal remains to investigate 
the diet of a medieval period site in Albano, Rome (AD 1040-1220) during the influence of the 
Catholic Church. The herbivore faunal values were 13Cco −21.2‰ and −20.6‰ and 
15N 6.6‰ 
and 6.2‰, and the pig 13Cco −20.7‰ and 
15N 5.9‰ suggesting a C3 plant diet. The human values 
averaged 13Cco −18.7‰ ± 0.5‰ and 
15N 8.4‰ ± 1.0‰, with no significant differences between 
sexes. Thus, the human values suggest a diet consisting of C3 terrestrial plants, with a modest 
consumption of C4, indicating millet, and possibly a small portion of aquatic proteins due to their 
location near the coast (20 km). The low 15N values may indicate the consumption of legumes 
and lack of animal protein in the diet. Their data was consistent with a 6th century AD site from 
Castro de Volsci in Rome, and Trino Vercellese.  
Lugli et al. (2017) investigated C/N collagen in bone and dentin of 11 individuals from a 
16-18th century AD farming and animal husbandry site (Roccapelago) located in northern Italy. 
The 13Cco values of bone ranged from −20.1‰ to −12.2‰ and 
15N 5.5‰ to 9.7‰, with no 
significant variation between dentin and bone values. The wide range in values suggests 
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differential consumption of C3 and C4 resources and animal protein contributions, though no 
incorporation of fish consumption.  
 
6.3.2.2 Langobards  
 Chemical analyses are limited on the Langobards in and outside of Italy, with just one 
isotopic study from Hungary, one from Friuli, and a trace element analysis from Lombardy. Alt et 
al. (2014) performed a C/N dietary analysis on the ribs of 35 Langobards and eight faunal remains 
(pig, sheep/goat, cattle, and chickens) found at the site of Szólád, Hungary (previously reviewed 
for mobility). The faunal 13Cco values were between −20.7‰ and −19.6‰, suggesting a diet 
primarily of C3 plants, while one cow had a value of −16.9‰ suggesting the consumption of C4 
plants. Faunal 15N values averaged 5.7‰, with the fowl showing higher values (8.3‰). The 
human 13Cco values were between −19.6‰ and −16.4‰, signifying that some individuals 
consumed C4 resources, and 
15N values averaged −9.6‰ ± 0.8‰, suggesting a significant 
contribution from herbivore protein and poultry. Males had significantly higher 15N values than 
females, with six males containing 15N values above 10.0‰, indicating larger shares of meat or 
access to marine food sources (which correlates with burial goods). The 13Cco values from this 
site were higher than Migration period cemeteries in Germany and Austria, indicating some impact 
of C4 plants on this population, while the 
15N values are comparable.  
In northeastern Italy, Iacumin et al. (2014) extracted collagen and apatite from 57 
Langobard and local remains from the early 6th to 7th century AD in Friuli, where the Langobards 
first entered and then established residence. This is the only comprehensive isotopic regional study 
for diet (C/N) of the first generation of Langobard migrants. Three sites were associated with the 
Langobard culture, Romans d’Isonzo (rural cemetery), and two necropoleis from Cividale del 
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Friuli (Gallo and S. Stefano). Cereal grain samples were measured from the area (wheat, oats, 
barley, rye, foxtail and broom millet), with 13Cco values for the C3 cereals −24.6‰ ± 0.2 and 
−10.4‰ ± 0.2 for C4. The researchers found that domesticated animals from this area had 
13Cco 
values suggesting a mainly C3 diet (−20.2‰), with five showing contributions from C4 (−13.2‰), 
while the mean nitrogen value was 3.4‰. The human results from the Romans d’Isonzo show a 
mean 13Cco value of −16.4‰, while the Cividale sites averaged −17.3‰, suggesting the direct 
consumption of C4 plants. 
15N values for Roman d’Isonzo were 8.3‰ and Cividale 8.5‰, 
indicating a lower intake of animal protein, which average 13Cap values also suggest (−10.1‰ and 
−11.9‰). The researchers propose that individuals with the lowest nitrogen and highest carbon 
values indicate the local population enslaved by the Langobards. They conclude that during this 
transitional period in the north, traditional wheat production collapsed and C4 cereals arose as a 
subsistence staple in this region. 
Busetto et al. (2008) performed a trace element analysis to assess variations in diet on 
samples from three archaeological sites from Lombardy, northern Italy which included: A Roman 
necropolis in Milan (Porta Romana 1-2nd century AD), a burial of a Langobard family from 
northern Lombardy (Church of St. Zenone at Campione d’Italia 7-9th century AD), and a 
Langobard necropolis southeast of Lombardy (Offanengo 7th century AD). The researchers found 
that the Roman and Langobard sites had Zn/Ca and Ba/Ca ratios indicative of protein rich diets, 
although the Langobard necropolis exhibited a diet richer in vegetables (which correlated with 
evidence of agricultural activities at the site). The researchers concluded that the Roman 
individuals had balanced, though diversified diets, the Langobard family had a rich economy with 
balanced diets and a sedentary lifestyle, and the Langobard necropolis had balanced diets with the 
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incorporation of more vegetables and evidence of manual work (based on chemical and 
paleopathological analyses).  
 Apart from the studies conducted in Italy and on the Langobards outside of Italy, there are 
adjacent regions that show transitional changes in diet during the Early Medieval period. For 
example, Lightfoot et al. (2012) performed a study on populations from the Iron Age to the Early 
Medieval period in Croatia, and found diachronic change. The faunal remains indicate a mostly 
traditional C3 diet, except for two sheep/goats with C4 signatures (−16.2‰, −17.6‰), and fish with 
low 15N signatures (13Cco −11.0, 
15N 8.2‰). The Iron Age occupants consumed a mainly C3 
terrestrial diet (13Cco −19.0‰ ± 0.8, 
15N 9.3‰ ± 0.9), while the Roman period occupants had a 
C3 diet with marine resources (
13Cco −18.8‰ ± 0.4, 
15N 10.1‰ ± 0.8). Interestingly, a transition 
occurred during the Early Medieval period with an increase in C4 plant consumption (
13Cco – 
17.9‰ ± 0.6, 9.6‰ ± 0.6), becoming a staple crop in the area. The researches attribute this change 
to the migration of the Avar or Slavs into the region, as the Slavic diet has been shown to include 
the consumption of millet. They speculate that this dramatic change in crop production was either 
a revaluation of the social status of millet, or due to the significant decline in the standard of living 
during the Early Medieval period. 
 
6.4 Conclusion 
The oxygen stable isotope studies show variation in mobility over time and place. The data 
on diet from the Bronze Age to Medieval period suggest that in the Veneto, millet was consumed 
prior to the Roman period, though no Roman and medieval sites from the region have been tested. 
Therefore, the results from this research will help fill this gap in time within this region. In addition, 
millet was minimally consumed during the Roman period, and mostly restricted to low 
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socioeconomic status individuals. In terms of fish, it appears that during the Roman and medieval 
period fish was variably consumed, making interpretation of asceticism difficult. This previous 
research conducted on migration and diet is useful for contextualizing the possible dietary 
outcomes for the populations utilized in this research. The following chapter describes the 
mortuary background and samples used for this study.  
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CHAPTER 7: MORTUARY BACKGROUND AND MATERIALS 
 
7.1 Introduction  
This chapter presents the mortuary record for Roman/Byzantine and Langobard 
populations, and discusses the cultural practices and chronology of burial goods for both 
populations within Italy. This is followed by a description of the sites utilized for this research and 
the materials made available/collected from the Veneto with permission granted by the 
Soprintendenza Archeologia del Veneto.  
 
7.2 Mortuary Context 
 
Much of what is known about the Langobard migration is from burial contexts (Christie 
1995). Archaeologists from Eastern Europe and Italy have established chronologies based on 
artifact assemblages, beginning with distinct Langobard and Roman/Byzantine burials, and ending 
with the eventual integration of these cultural elements creating a new culture of funerary habits 
in northeastern Italy (Possenti 2014). This section outlines the burial traditions of the 
Roman/Byzantines and Langobards in Italy.  
 
7.2.1 Roman/Byzantine Burial Chronology in Italy 
7.2.1.1 Cemeteries 
Burial practices changed over the course of Italian history, but mainly consisted of 
inhumations and cremations during the Roman Empire (Nock 1932; Blanchard et al. 2007; Fehring 
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1991; Ciaffi et al. 2013; Perego 2014). Roman cemeteries, often communal necropoleis, were 
located near roads close to villages and cultivated areas, as Roman law prohibited them from being 
inside a cities’ formal boundaries (Rottoli and Castiglioni 2011; Toynbee 1971).  
Romans in the lower socioeconomic strata were buried in earthen pits, while those in more 
modest social classes were found in cappuccina tombs (roofing tiles were placed along the ridge 
or pottery) with multiple individuals buried in one tomb (Aquilano 2008; Bruno 2014; Craig et al. 
2009; Giostra 2011b; Possenti 2001; Toynbee 1971). Generally, those of higher status were buried 
in mausoleums or columbaria, which contained large vaults of both inhumations and cremations 
(Toynbee 1971). In addition, tomb markers with iconographic symbols and epitaphs originally 
depicted the social status of an individual, which shifted to spiritual quotes during the 4th century 
AD (Toynbee 1971).  
Changes in funerary practices occurred during Late Antiquity with the transition to 
Christianity during the 4th century AD. Inhumations in row graves were common (east-west or 
west-east) and adopted throughout the Empire, including Germanic tribes in Pannonia (Barbiera 
2013; Christie 1995). Burials were no longer placed near roads, but located within or adjacent to 
villas (especially those that were previously abandoned) (Negrelli 2013; Verreyke and Vermeulen 
2009). In addition, during this time some villas transformed into Early Christian churches, with 
associated cemeteries (Verreyke and Vermeulen 2009). During the medieval period and rise of the 
Papal States, cemeteries were found near rural churches, which were surrounded by an urban 
center. In strictly urban contexts, large necropolises were associated with churches (Vercellotti et 
al. 2011). Privileged families and the clergy were buried inside church areas, while the rest of the 
general population were interred outside (Vercellotti et al. 2011). During the 5th century AD, there 
was decline in epitaphs and funerary monuments, which were only used by the upper classes. 
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During the 6th century AD, cappuccina burials were still prominent, and often consisted of multiple 
burials; however, when used, they were made of re-used Roman materials (Barbiera 2013; Giostra 
2011b).  
 
7.2.1.2 Burial Goods 
In the Roman period, grave goods in the form of food offerings were very common, 
including barley, naked wheats, emmer, einkorn, spelt, rye, foxtail bristle grass, grapes, walnuts, 
dates, figs, hazelnut, pine nuts, peaches, field beans, lentils, peas, and bitter vetch. In addition, 
remnants of bread were found (Rottoli and Castiglioni 2011). Ornamental grave goods, such as 
coins, hair and clothes pins, jewelry, glazed vessels and glass bottles were also common (Toynbee 
1971).  
 Archaeological investigations of burial goods from the 3rd to the 7th century AD uncovered 
some general trends in burial practices in Italian populations. For example, there was a decline in 
burials with grave goods moving into the 5th century AD, which corresponded with the influence 
of Christianity; however, in certain territories clothing, bone combs, and knives were still common 
(Christie 2010; Gastaldo 1996). From the 3rd to the 4th century AD, the most common burial goods 
were ceramic pottery (vases, bottles, dishes), coins, and jewelry (Figure 7), while clothing and 
tools were not as frequent, and weapons, personal belonging, metal jars, and food offerings were 
rare (Christie 2010; Gastaldo 1996). Moving into the 5th to middle of the 6th century AD with 
Byzantine influence, ceramic pottery (amphora, some distinctly from Egypt), glass, and jewelry 
made up the majority of grave goods, followed by clothing and coins (Christie 2010; Gastaldo 
1996). Interestingly, from this period to the 7th century AD, there was an increase in personal items 
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such as clothing, jewelry (brooches, earrings), and combs, and a decrease in ceramics and coins 
(Cavallari 2005; Gastaldo 1996).  
 
 
Figure 7. Necklace and earrings found in Riformati St. Tomb 6 (4-6th century AD) modified from 
Diego Malvestio site report (2000) 
 
 
During the 5th century AD, the brooch (fibula) and belt seal as decoration and closing 
element for female dress and male armor was introduced in burial contexts, which became more 
widespread at the end of the 7th century AD. The brooches were disc shaped and small, while belt 
seals were oval and contained the impression of a leaf. Belt seals were sometimes covered in gold, 
but were mostly plated in silver with monograms, while fixed plate belt buckles were usually in 
Earrings (orecchini) 
Necklace (collana) 
Riformati St. 
Tomb 6 
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bronze (Marchi and Possenti 1996; Rupp 1997). Byzantine belt fittings took on a “mask fitting” 
up until the end of the 6th century AD, which contained linear decorations and scroll ornaments 
(Daim 2010). The multi-part belt was a Byzantine design that was borrowed from many barbarian 
groups, and later modified by them during local production (such as the Langobards discussed 
below) (Daim 2010).  
 There were some general patterns between sex and socioeconomic status reflected in grave 
goods. Mainly, individuals that contained more grave goods and jewelry held higher 
socioeconomic status (Christie 2010; Gastaldo 1996). Female burials contained jewelry (gold, 
silver, bronze) and coins, while males contained weapons and ceramic pottery (though this is not 
exclusive to either). Female burials had looped globular and basket type earrings (Christie 2010). 
In addition, high status burials contained higher frequencies of glass objects, while more common 
burials contained ceramics. In addition, the transition to more personal burial goods occurred first 
in higher status burials, followed by common burials from the mid to early 7th century AD. Rural 
burials contained large ceramics and more personalized burial goods than did urban burials 
(Gastaldo 1996).  
Thus, from the Roman to the Early Medieval period there is a transition in how the local 
population buried their dead. In the beginning, cemeteries were located outside cities near roads, 
but eventually moved next to churches and associated villas. Burial types changed from cremation 
to row graves, and burial containers eventually declined or were reused during Late Antiquity. 
Grave goods initially consisted of pottery, lamps, coins, and food remains, and transitioned to 
personalized elements consisting of clothing, jewels, weapons, and tools, which some say was due 
to the Langobard influence (Gastaldo 1996; Rottoli and Castiglioni 2011; Verreyke and Vermeulen 
2009). In general, we see a decline in burial goods with the spread of Christianity, and in the late 
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6th to early 7th century with the Langobard arrival, the local population used simple burials 
containing bone combs (Possenti 2001; Gastaldo 1996). 
 
7.2.2 Langobard Burial Chronology  
7.2.2.1 Cemetery Distribution 
Archaeologists established a Langobard chronology based on historical and archaeological 
evidence from burial contexts (Bona 1976; Giostra 2007; Possenti 2001, 2011; Verger 1993). It 
was not until the late 5th to early 6th centuries AD that distinct Langobard cemeteries were found 
in Bohemia and later Pannonia, and were clearly identified as a distinct culture (Bona 1976; Vingo 
2012; Possenti 2001; Kiszely 1989). Goth cultures during the 5-6th century AD practiced cranial 
deformation (Alans, Huns, East-Germanic groups), which was not a component of Langobard 
practices, helping to distinguish the Langobards amongst these burial populations (Giostra 2011). 
Three main sites from Pannonia have been excavated and identified as Langobard with some 
published material on burial practices (Hegiko, Tamasi, Szentendre) (Bona 1976; Pohl 2005; 
Kiszely 1979). 
In Italy, the main distribution of Langobard cemeteries from the 6th to the end of the 7th 
century AD was from Vittorio Veneto to the Verona province, which were the areas conquered by 
the Langobards immediately after their entry into Italy, in addition to some finds in Monselice and 
central Italy (Possenti 2001). Langobard cemeteries were found at sites near foothills and 
important communication routes (roads), especially between Vicenza and Verona, where Dueville 
and Sovizzo (two sites used in this study) were found (Possenti 2001; Verger 1993). There was 
only one large urban center recorded from this time in Verona with a large number of Langobard 
burials, as opposed to other rural necropoleis (Sovizzo and Dueville) that were located just outside 
126 
 
of main cities (ex. Vicenza) (Possenti 2001). Historical accounts from the Bishop of Belluno, 
Fontejo, and Feltre from the northeast identify the Langobard presence around AD 590-1, which 
burials consisting of military goods seem to confirm (Possenti 2001). Cividale del Friuli was the 
other example of a large urban area necropolis, though it was outside of the Veneto (Silva 1996).  
There were two types of Langobard cemeteries in northern Italy, those that were small and 
near village communities, and those that were large authorized cemeteries used by multiple sites 
as seen in Dueville and Sovizzo near Vicenza (Christie 1995). There was a distribution of 
Langobard rural cemeteries all over northern Italy, which were located near Roman castra and 
villas, especially in the Veneto (Negrelli 2013). There was also archaeological evidence of the 
construction of wooden houses on or near Roman villas, indicating their presence (Brogiolo and 
Arnau 2008). Langobard cemeteries have been documented in Bolgare, Cividale, Collegno, 
Offanengo, Reggio Emilia, Verona, Vicenza, Diesole Via Riobico, Brescia, Testona, Molise, 
Parma, Nocera Umbra, and Castel Trosino, where in some cases the Langobards were buried with 
the Romanized local population (Giostra 2011; Kiszely 1979; Negrelli 2013; Silva 1996; Verger 
1993; Verreyke and Vermeulen 2009). For example, in the Early Medieval cemetery of 
Campochiaro in Molise (6th-8th century AD) and Bolgare, Lombardy, burial and skeletal evidence 
suggests that local Italians and Langobards were all buried together (Belcastro and Facchini 2001; 
Rubini and Zaio 2011). This heterogeneity in population structure was seen in cranial variation 
and burial context (Sguazza et al. 2015).  
 
7.2.2.2 Burial Goods 
As early as the mid-1st century BC urn burials with grave goods consisting of iron weapons 
and jewelry were correlated with a few hundred inhabitants from villages in the lower basin of the 
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River Elbe, potentially early Langobards. Men were buried with spears and boss shields with iron, 
iron spathe with double-edged blades, and long knives, suggesting the emergence of a ruling 
military class (Vingo 2012). Established Langobard cemeteries in Bohemia and Pannonia indicate 
that burials were deep cut and contained tree trunk coffins and funerary houses, and included burial 
goods such as large S and bow-brooches with rectangular head plates, spiral decorations, and stone 
inlay trapezoidal end plates. Iron or bronze tweezers, scissors, and glass were also found in burials 
(Bona 1976). In addition, food offerings (most commonly eggs) and pottery were found at multiple 
sites in Pannonia (Hegiko, Tamasi, Szentendre) (Giostra 2011). 
Much of what is understood about Langobard burial practices in Italy is from excavations 
of necropoleis from Cividale del Friuli, Nocera Umbra, Castel Trosino, Collegno, Monselice, 
Sovizzo, Dueville, and Campo Marchione, which provide information on burial type, orientation, 
and grave goods (Giostra 2011; Rigoni et al. 1988; Rigoni and Possenti 1999; Rupp 1997). 
Typically, Langobard burials were in row graves north to south, with burial orientation east-west 
(Giostra 2011; Rigoni and Possenti 1999). In addition, early burials (AD 570-630) showed 
evidence of postholes for wooden chambers, typical of the Langobard burial tradition in Pannonia, 
and sometimes a sacrificed horse (Giostra 2011; Jorgensen 1991). This disappeared during the first 
half of the 7th century AD, where burials were in simple earthen pits (Sovizzo, Dueville, Campo 
Marchione) (Giostra 2011; Rigoni and Possenti 1999). In some contexts, burials were found within 
the walls of preexisting Roman villa, as seen in Cividale del Friuli and Bardolino (Brogiolo 1996).  
Archaeologists synthesized the burial goods indicative of the Langobard culture in Italy, 
with the caveat that those buried with these goods belonged to a person who acted as a Langobard, 
despite their genetic heritage (Possenti 2001). Langobard materials such as belt buckles with 
zoomorphic animals (pagan imagery such as wild boars) on semicircular head plates crowned by 
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a knob resembling an animal head, S-shaped and bow and disc brooches (fibulae), gold foil crosses, 
animal food offerings (sheep, cattle, pig, eggshells and chicken bones) and stamped ceramics have 
been used to produce a rough image of Langobard movement and power during the late 6th to early 
7th century AD at sites such as Cividale, Campo Marchione, Collegno, and Nocera Umbra (Figure 
8-10) (Brather 2009; Giostra 2011). These practices were similar to those in Langobard Pannonia 
(Giostra 2011). Genetic studies conducted on Szólád in Hungary and Collegno in northern Italy 
showed a correlation between individuals with northern European genetic ancestry and S-
brooches, food offerings, and stamped pottery lending more support to a migrating population 
(Amorim et al. 2018). 
 
 
Figure 8. Head plate from Necropoli di San Giovanni, Cividale photographed by A. Maxwell at 
the National Archaeological Museum Cividale del Friuli 
 
 
 
One of the main burial kits used to identify the Langobards was the warrior burials. The 
spear was a weapon found in various styles (military and animal design) from Pannonia to Italy. 
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Two types from Pannonia were uncovered in north and central Italy (Sovizzo, Monselice, Nocera 
Umbra, Castel Trosino), with one dated to the last third of the 6th century AD (scarcely found in 
Italy), and the other continued in use until the middle of the 7th century AD (Rogoni et al. 1988). 
In addition, two types of metal arrowheads have been recovered in Langobard contexts, one of 
which was “borrowed” from the Avars (shaped like a laurel) and most likely used on horseback 
(Figure 11) (Marchi and Possenti 1996; Rigoni et al. 1988). The Langobards also fashioned spurs 
and horse bites out of iron, which were found in Langobard Italy (Giostra 2011; Rigoni and 
Possenti 1999; Rigoni et al. 1988). Shield umbones (or boss, the center of a shield) made of iron 
with bronze elements (usually 5 studs) was common from the end of the 6th century AD to the first 
half of the 7th century AD, in addition to the spathe (long sword), which were usually found 
together (Figure 11) (Marchi and Possenti 1996; Rupp 1997). The scramasax was a single cut 
blade found up until the end of the 6th century AD before it changed in length during the first half 
of the seventh century AD and continued to increase in length into the to second half of the 7th 
century AD (Rigoni 1995). 
 
    
Figures 9-10. S-shaped brooch (left); gold cross (right), photographed by A. Maxwell at National 
Archaeological Museum Cividale del Friuli 
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Figure 11. Typical weapons burial (left); lance (center from top); gold cross, two scramasax, 
spatha (right); knives (from Necropoli di San Salvatore di Maiano, Cividale), photographed by A. 
Maxwell at the National Archaeological Museum Cividale del Friuli 
 
 
 
The 5-piece belt with buckles (bronze and iron with silver or iron mountings) and three 
plates for the suspension of the scramasax have also been dated to the end of the 6th century AD. 
The 5-piece belt was borrowed from contact with the Byzantines (Figure 12) (Bona 1976; Rigoni 
and Possenti 1999). By the end of the 6th century AD embedded stones in metal were used for 
decoration on weapon belts. At the end of the 6th century AD to the beginning of the 7th century 
AD, the buckles were a Germanic animalistic style, referred to as Style I and Style II. Style II 
contained animals with long bodies interwoven and symmetrical (Figure 13). This was found 
during most of the 7th century AD, but the animal influence reduced over time and geometric 
ornamentation became more dominant (Brogiolo and Arnau 2008; Jorgensen 1991). In addition, 
the length of the belt straps would change over the 7th century AD, becoming longer with 
geometrical ornamentation (Figure 14) (Rupp 1997). At the end of the 7th century AD, dress belts 
found in Langobard burials were adopted from the Italian populations and contained a “U” plate 
(Marchi and Possenti 1996; Rigoni and Possenti 1999).  
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Figure 12-14. Reconstruction of Langobard belt (top left); Germanic animal style belt buckle (top 
right); examples of belt buckles from Sovizzo, Vicenza (bottom), photographed by A. Maxwell at 
the Museo di Santa Corona Museum 
 
 
 
One of the more common burial goods was the bone comb and knife (iron), which were 
found in both male and female Langobard and Roman/Byzantine burials in Italy (Figures 15-16). 
These consisted of small combs (10 cm long) with two rows of teeth or one row of teeth, some 
with or without decorations including zoomorphic heads and arch and eye motif decorations. At 
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the site of Sovizzo, over 90 bone combs have been recorded, with the most common type being 10 
cm long with two rows of teeth and no decoration, and those with zoomorphic styles (Rogoni et 
al. 1988; Rigoni and Possenti 1996). However, some showed a gable shaped connecting strip, 
which was first seen in Pannonia, and others contained arch and eye motif decorations (Figure 
15). Zoomorphic decorated bone combs with both single and double rows of teeth were recorded 
at Campo Marchione, Monselice, and Nocera Umbra (Giostra 2011; Marchi and Possenti 1996). 
These types of combs were dated to the end of the 6th to the beginning of the 7th century AD (Rigoni 
1995; Marchi and Possenti 1996). It was believed that the bone comb was adapted from the 
Byzantine Empire during the 4-5th century AD when the Langobards were serving in their army 
(Marchi and Possenti 1996). 
 
 
Figure 15. Bone comb from Sovizzo, photographed by A. Maxwell at the Museo di Santa Corona 
Museum) 
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Figure 16. Knife from Sovizzo, photographed by A. Maxwell at the Museo di Santa Corona 
Museum 
 
 
 
Drinking vessels, beakers, and bottles with stamped Langobardic decorations were mostly 
found in burials form Pannonia and northern Italy during the 6th and 7th centuries, which contained 
food and drink for the afterlife (eggs, chicken, pig) (Brather 2009; Giostra 2011). The stamped 
ceramics were handmade as opposed to the antique wheel turned ceramics of other cultural groups 
(Figure 17) (Brather 2009). The bottle-shaped vase and bag-shaped glass were used for the 
consumption of liquids. These have been recorded at Dueville, Sovizzo, and Campo Marchione 
(Figure 18) (Giostra 2011; Rigoni and Possenti 1999).  
There were some recorded sex-based differences in burial goods (Figure 19-20). 
Iconography and burial finds suggest males were buried in a short tunic (above the knee) with 
decorative bands on the shoulders, neck, center of the chest, and wrists (Christie 1995). Brooches 
were used to fasten garments on the shoulder. There was a belt with a buckle ending in a tongue 
(either iron or bronze), and warriors often had another multiple belts for weapons. Gold foil crosses 
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sewn into garments were common in the early migrating Langobard groups, and had German 
animal, Mediterranean-style plants, and coin impressions. The crosses would shift during the 7th 
century AD and would take on designs reflecting Christian symbolism (and become generally 
smaller) (Giostra 2011). Iconography depicting Langobard males (beards and mustaches with 
shaggy hair) with gold-sheet crosses and shield plaques also support this transition (Brather 2009; 
Fehring 1991).  
 
  
Figures 17-18. Stamped ceramics (left); glass and vases (right) from Dueville, photographed by 
A. Maxwell at the Museo di Santa Corona Museum 
 
 
 
During the end of the 6th century AD, high status female burials contained long sleeved 
linen undergarments fastened at the neck with S-shaped brooches, chest brooches, and two bow 
brooches with rectangular and semi-circular head plates (either silver, bronze, or iron) on the 
shoulders (Figure 20). In addition, a belt buckle near the pelvic area with a hanging bow brooch, 
knife, and pouch that contained bone combs and spinning equipment were common (Giostra 2011; 
Jorgensen 1991). The bow-brooches contained animal styles (such as birds), as animal symbology 
was typical of Langobard burial goods in Pannonia (Bona 1976; Christie 1995). A lot of the belt 
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straps found in these burials were borrowed from Byzantine traditions. Bronze bracelets were also 
common in female burials, which were circular with large extremities (common from the 6th to 7th 
century AD) (Figure 21). Around AD 600, some of the burials of females contained gold foil 
crosses, and some had Christian epitaphs on their graves (Brather 2009). In addition, bronze, iron, 
and silver hairpins were common, and necklaces made of glass beads. Beads were made with tin 
compounds to produce opaque white and yellow colors, traditional of Germanic glassmaking 
techniques (Giostra 2011).  
 
        
Figure 19-20. Male and female clothing reconstructions, photographed by A. Maxwell at the 
Museo di Santa Corona Museum 
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Figure 21. Bronze bracelets and beaded necklaces from Sovizzo, photographed by A. Maxwell at 
the Museo di Santa Corona Museum 
 
 
 
During the 7th century AD, Langobardic females adopted Byzantine fashion, incorporating 
a long tunic to the feet, instead of to the knee. In addition, female jewelry switched to large basket 
earrings (silver) and metal pendants. A single brooch with a disc type (sometimes a cross pin in 
bronze) fastened the tunic instead of the multiple S-shaped brooches (Giostra 2011; Rupp 1997). 
They continued to wear bronze bracelets, although they incorporated Roman types that were thick 
bracelets with decoration. Males continue to be buried with weapons, possibly indicating their 
political affiliation to the elite military or social status, but eventually changed their belt buckles 
and strap ends to Byzantine styles (multiple belts, mantle closed by single brooch, seal rings) 
(Christie 2009; Possenti 2014). After this incorporation of Byzantine dress, pottery ceases to be 
found in burials, and instead used more for domestic functions (Christie 1995). 
After the first half of the 7th century AD, burial goods were culturally integrated within 
Italy, and become almost nonexistent beginning in the 8th century AD due to Christianization 
(Possenti 2001). The Langobards adopted Roman style burials and utilized local resources, such 
as roof tiles, concrete, and granite slabs (Bruno 2014; Rupp 1997). Langobard nobility would 
137 
 
choose Roman style burials in a sarcophagus below ground, which has been found in the Vicenza 
Cathedral containing the gestalt Radoald (Christie 1995).  
 Overall, there were three phases of Langobard burial goods over the course of their time in 
Italy (Table 3). The first phase was from AD 570-640, with elaborate burials consisting of 
weapons (shield boss, scramasax, and spathe), belt fittings, S-brooches with zoomorphic designs, 
and stamped ceramic pottery (Brogiolo and Arnau 2008; Giostra 2011; Marchi and Possenti 1996). 
The second phase was from AD 640-700, where there was a progressive simplification of tombs 
and kits, and integration with the Italian community with females shifting brooch styles to 
Byzantine, and males showing a reduction in armor (absence of spear and arrows). In the last phase 
AD 700-800, burial goods in female burials disappear (males still have some weapons buried with 
them) and eventually males (Brogiolo and Arnau 2008; Giostra 2011).  
 
Table 3. Roman/Byzantine and Langobard burial goods chronology 
Phase Roman/Byzantine     Langobard 
AD 500-570  Fewer burial goods 
 Bone comb, knife 
 Clothing 
 S-shaped fibula 
 Food offerings 
 Gold crosses (animal) 
AD 570-640  Byzantine Mask fitting 
belt  
 Amphora (North Africa) 
 Glass 
 Basket and globular 
earrings 
 S-shaped fibula, zoomorphic belt buckles 
 Food offerings 
 Stamped pottery 
 Shield, scramasax, spathe 
 Byzantine belts 
 Gold crosses (smaller, Christian symbolism) 
 Bone comb, knife 
AD 640-700  Brooches 
 Basket and globular 
earrings 
 Combs 
 Oval belt seal 
 Disc fibula 
 Geometric belt buckles 
 Scramasax (longer) 
 Basket earrings 
 Bone comb, knife 
AD 700-800  No burial goods  Few burials with weapons 
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7.3 Site Background 
 The next sections detail the sites used for this research by geographic region (Figure 22). 
Permissions were granted by the Soprintendenza Archeologia del Veneto to conduct osteological 
and stable isotope analysis. All available burials from each location were evaluated for use, and 
recorded in Appendix A.  
 
 
Figure 22. Map of the archaeological sites in Veneto, modified from Google Maps (2019) 
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7.3.1 Vicenza 
Historical and archaeological records indicate the Langobards settled the Veneto within the 
first thirty years of their entrance into Italy (Verger 1993). The following two cemeteries, Sovizzo 
and Dueville, were distinguished as Langobard based on burial goods. 
 
7.3.1.1 Sovizzo  
Sovizzo was located 8 km west of Vicenza, partly in the foothills of Lessino and in the flat 
area between Lessini and Berici (Figure 23). This site was previously occupied by ritual megaliths 
of the Neolithic period and continued its occupation through the Roman and medieval period 
where it was reused by the Langobards. The Early Medieval aspect of the site settled by the 
Langobards was in the locality of “Battaglie” from a span of the late 6th century AD to the first 
decades of the 8th century AD (Rigoni et al. 1988). It was believed to be an established garrison 
by King Alboin, strategically located to connect with other sites (Verger 1993). The Langobard 
necropolis sat partially on top of a Neolithic cemetery and ritual center, and evidence of wooden 
huts attributed to the Langobards was found in the villa of Sovizzo (Figure 24) (Brogiolo and 
Arnau 2008; Rigoni et al. 1988).  
The initial excavation of the Langobard necropolis was by John Curti in the early twentieth 
century, which unearthed a minimum of 200 tombs (no remains conserved except for one in the 
Santa Corona Museum), and burial goods. About 60 of the burials were considered warrior tombs 
based on the associated weapons. Unfortunately, some of the burial goods were lost during WWI; 
however, over 1,000 objects remained allowing for the dating of those burials to be from the late 
6th to early 7th century AD. Of those objects preserved were: 365 knives, 400 pieces of belts (bronze 
and iron), 27 scramasax (large knife), 27 spathe (long sword), 28 pieces of lances, 16 shield bosses, 
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23 horseshoes, 16 bracelets, 78 combs, 140 necklace beads, ceramics, glassware, bronze 
containers, and earrings (Rigoni et al. 1988; Verger 1993).  
A second excavation conducted by the Soprintendenza Archeologia del Veneto, Dr. 
Rigoni, occurred in 1985 (Figure 24). Five areas were excavated, including a rustic Roman villa 
believed to be constructed in the 1st century AD, ending its occupation in the 5th. The villa was 
modified over time to function as a metallurgy production center (evidence of iron slag). Two 
coins found in the structure and ceramic fragments are datable to the Early Medieval horizon. 
 
 
Figure 23. Sovizzo relative to Vicenza, modified from Google Maps (2019) 
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Figure 24. Map of 1985 excavation by Rigoni (modified from Rigoni et al. 1988) 
 
 
 
The next four areas uncovered included 62 individuals from simple earthen pits (0.40 m 
below ground), oriented west-east, with evidence of disturbance (from agricultural production) 
(Figure 25). The first area (90 x 10/16 m) uncovered nine tombs from an area of the initial 
excavation from Curti. Two of these had an iron knife and bone comb, one had a knife, and another 
had a knife and bronze belt piece. The second area (7 x 11 m) was part of the necropolis, and 
uncovered eight tombs in an irregular arrangement. One grave contained a bone comb with 
semicircular engravings. The third area (16 x 8 m) included nine tombs almost arranged in two 
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parallel rows. Three of these burials had burial goods: an iron knife and bone comb, an iron knife, 
and a buckle and piece of bronze belt. The fourth area (43 x 7 m) had 36 burials arranged in two 
distinct parallel rows in a north-east/south-west orientation (Figure 25). Thirteen of these burials 
contained no burial goods, while twenty-three contained a variety of bone combs and knives. One 
burial had an additional knife and bronze buckle, another contained two bracelets, and another a 
bronze buckle and earrings. Four burials only contained a knife, three a comb, and one a bronze 
buckle. Thus, a total of 21 knives, 20 bone combs, 7 bronze belts pieces, 2 bronze bracelets, 
earrings, and a pendant of bronze were recovered. In 1990, 61 burials were excavated, with an 
additional 30 in 1992.  
The excavators suggest that due to the significant size of the necropolis, it may have been 
utilized by multiple surrounding settlements that converged into one funeral area. It appears that 
grave markers would have existed, since none of the burials appear to cut or interfere with one 
another. The organization of the necropolis was polyfocal, with different burials organized in 
separate areas. This separation could be due to ethnic or social areas of distinction, as most of the 
burials were relatively modest except for the weapons burials previously excavated by Curti. The 
burials were dated based on artifact chronology, which the excavators suggest to be the last decades 
of the 6th century to the first half of the 7th century AD, continuing to at least the beginning of the 
8th century AD (Rigoni et al. 1988).  
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Figure 25. Map of 4th excavated area from 1985 containing 36 burials, modified from Rigoni et 
al. (1988) 
 
 
 
7.3.1.2 Dueville 
Dueville was located around 12 kilometers north of Vicenza in the Belvedere district 
(Figure 26). The Dueville settlement was initially discovered during plowing in 1778, dispersing 
some of the burial materials. In addition, the foundations of buildings in the immediate vicinity 
were also recovered, and contained evidence of Roman coins dating the 2nd century AD. Other 
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indications of occupation during the Roman period are remnants of roads, interpreted as an 
agrarian division during the last decades of the Republic in the Vicenza area. Three tombs were 
initially uncovered during this plowing incident, which brought up tiles and human remains 
(Capius et al. 1988).  
 
 
Figure 26. Dueville relative to Vicenza and Sovizzo, modified from Google Maps (2019) 
 
In 1911, during roadwork for a new road “Dueville-Montecchio-Precalcino,” Langobard 
tombs were discovered. The Soprintendenza Archeologia del Veneto came out to the site and 
expanded the existing trench uncovering six tombs. These tombs were 60 centimeters deep, laying 
in individual dirt pits supine with their heads to the north (Verger 1993). They contained grave 
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goods indicative of the Langobard culture: 12 iron daggers/knife, four spathe, bone combs, bronze 
wristband, four rings, two thin-walled vases made of red clay, horse bit, eight iron swords 
(scramasax), two lance cusps, shield boss, six iron buckles, and a gold cross (Verger 1993). Iron 
was more common than bronze (usually ornamental objects), and belt seals had geometric and 
zoomorphic elements typical of the Langobard style from the second half of the 7th century AD 
(Rigoni and Possenti 1999). Personal adornment consisted of rings (gold with engraved gem), belt 
buckles, and studs for leather straps. Even more indicative of a Langobard burial population were 
gold crosses with the figure of a saint with a halo, and two preserved vases of black clay and red 
brick (Battaglia 1916; Rigoni and Possenti 1999). According to Battaglia (1916), these remains, 
in addition to others excavated, were stored at the Museum Civici of Vicenza; however, the grave 
goods were recorded separately, making it difficult to identify grave goods with individuals.  
Dueville was excavated again in multiple campaigns beginning in 1993 through 2009 by 
the Veneto Archaeological Superintendence, which uncovered more than 500 burials making it 
one of the largest Langobard necropoleis in Italy (Carrara 2012; Rigoni and Possenti 1999). 
Remains from these excavations were radiocarbon dated to the 7-9th century AD, although no 
calibrated dates were provided. Based on the artifacts associated with many of the burials, the 
cemetery was dated to the late 6th to 7th century AD (Carrara 2012). There was a range of burial 
goods of varying social statuses (weapons kits); however, most were considered modest (Rigoni 
1995; Rigoni and Possenti 1997). It was unclear if the whole cemetery was strictly “Langobard” 
or included locals, as some the grave goods were considered “poor,” and cannot all be identified 
as the Langobards (Rigoni and Possenti 1997). In addition, the term “Dueville” means “two villae,” 
which could indicate remains from Roman and Langobard individuals (Carrara 2012). 
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Rigoni (1995) and Rigoni and Possenti (1999) reported on the excavations from 1993 and 
1997, in which burials dating to the first half of the 7th century AD was found. Simple pit burials 
were recorded west-east in parallel lines, totaling around 300 tombs, although a few were found in 
wooden coffins. The researchers suggest at one point there were grave markers which have since 
disappeared, as the cemetery was well organized. Many of the burials had “modest” burial goods, 
such as bone combs and knives (Figure 27). There were some individuals that contained higher 
status burial goods (necklaces, bronze bracelets, belt straps and buckles for weapons) that were 
dated to the first half of the 7th century AD (Rigoni and Possenti 1999). Carrara (2012) reported 
on the burial context for excavations from 2000-2009 in which 217 burials were excavated. 
Primary burial pits were oriented west-east with heads to the west. Individuals were supine, with 
variations in the upper limbs. Most of the burials were directly in the ground, while 7.8% were 
buried in coffins and 19.8% showed evidence of the use of shrouds. 
 
 
Figure 27. Bone comb found in Tomb 365 of Dueville, photographed by A. Maxwell 
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7.3.2 Verona 
Remains from three sites in the province of Verona were utilized for this research (Figure 
28), which include Bardolino (6-8th century AD), Peschiera (4th century AD), and Desmontà (6-7th 
century AD).  
 
7.3.2.1 Bardolino 
 A settlement in Bardolino was excavated by Dr. Brunella Bruno under the direction of the 
Municipality of Bardolino between 2010 and 2012, uncovering remnants of an Imperial period 
Roman villa, medieval church of San Pietro, and two funerary complexes (Figure 29) (Bruno 
2014). The villa, dating to the 1st and 2nd century AD, was located on a terrace that sloped down 
towards Lake Garda, and the architecture and landscape were similar to elite residences in Brescia 
and Verona. The villa contained seven rooms, some indicative of production areas, including a 
workbench and melting pot (melting glass), loom weights, ceramic fire pans, imitation African oil 
lamps, and amphorae. A fire destroyed part of the villa, with some of the rooms abandoned and 
filled in by the 4th century AD (Bruno 2014).  
North of the villa seven tombs were located (3 cremations and four burials) dating to the 
end of the 1st to 3rd century AD. The three cremations were in masonry boxes located in tombs 2-
4 with an additional inhumation (found in a sitting position) located in the second tomb. The third 
tomb contained three niches with remains from high status individuals, including: glass bottles, 
female hairpins (bronze and bone), spinning tools, and two amber rings depicting a man and 
woman side-by-side, and the other a dog, suggesting the presence of a high-ranking woman. Tomb 
5 was an inhumation with red and yellow roof tiles and side reinforcements containing a mug and 
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ring, while tombs 6 and 7 were pit burials that contained roof tiles, with tomb 7 containing a set of 
vessels placed at the knees (Bruno 2014).  
 
 
Figure 28. Verona sites: Desmontà, Bardolino, and Peschiera del Garda, modified from Google 
Maps (2019) 
 
An Early Medieval necropolis (dating to the late 6th to early 7th century) was also found in 
the rubble and filling of rooms 4 and 5 of the villa, suggesting that part of the villa was no longer 
in use. It is proposed that a Langobard population settled in a different area of the villa that has yet 
to be investigated. Seven graves were recovered, some in pit burials and others containing 
boundaries from reused construction materials. Three of the burials were oriented south-west and 
north-east, while four were oriented north-west to south-east. At least one of the tombs is dated to 
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the late 7th century (tomb 9), which contains a high status Langobard male in a pit burial containing 
a weapons kit of a scramasax with a bronze plate at the base of the handle, shear, and five silver 
coins (rare in the Langobard Age). Two Langobard tombs were found between Bardolino and Lake 
Garda with weapons burials, possibly associated with the San Pietro complex (Bruno 2014).  
 
 
Figure 29. Excavation at Bardolino, with Roman villa and associated burial complexes. T1-7 are 
Imperial period burials, and T9-15 are Early Medieval period burials, modified from Bruno (2014). 
 
 
 
7.3.2.2 Desmontà 
 Excavations at Desmontà were carried out between 2004 and 2005 by Dr. Brunella Bruno 
in collaboration with the Soprintendenza Archeologia del Veneto uncovering a place of worship 
and ten burials dating to the Early Medieval period (Melato 2015). Desmontà was located in 
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Caneviera on the border between the municipalities of Veronella and Albareda D’Adige (VR), 
within a plain between the Adige River to the west and Agno-Gui-Frassine to the east. In addition 
to access to important water sources, Desmontà was part of an agricultural center located near 
important Roman roads (Porcinana and Postumia). This general area had one of the largest 
necropoleis from the Bronze Age in the Veneto, and further excavations have uncovered the 
presence of farms, villas, and churches related to Christianization in Late Antiquity and the Early 
Medieval period. Structures uncovered in this area show a transformation from a flourishing 
economy during the Roman period, to reorganization into small scattered settlements and some 
abandonment/decline during Late Antiquity. By the beginning of the 6th century AD, many villas 
were abandoned; however, new chapels and cemeteries were constructed near them (Melato 2015).  
Desmontà excavations uncovered a rural settlement with rectangular wells for water 
collection built on pre-existing Roman villas occupied from the 1st century BC to the 3rd century 
AD. It contained a church with burials, tentatively dated to the 6-7th century AD based on 
associated materials of glazed pottery and amphora suggesting commercialized activities. At some 
point, construction of a wooden structure off the church occurred, with similar characteristics as 
the Germanic houses found in the Rhine (Melato 2015).  
Ten burials were uncovered with two groups of depositions, and only one burial contained 
burial goods (Figure 30). The first group consisted of five inhumations buried north of the church, 
oriented east-west in earthen pits. The burial position of the limbs (forearms along the sides with 
inclined clavicles) suggest they were wrapped in shrouds. Two of the burials were side by side: a 
female with a pair of bronze earrings (dating to the 6-7th century AD) and a sub-adult (Figure 31). 
A second grouping was designated as more privileged due to their location directly around the 
church. One burial in particular was a cappuccina style burial with a Christian engraved brick near 
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the head. Based on the special arrangements of the burials, archaeologists interpret the construction 
of the church to be a private mausoleum utilized by the aristocratic elites of the 6th century AD, 
despite any burial goods signifying social status (Melato 2015).  
 
 
Figure 30. Excavation map of Desmontà burials modified from Melato (2015) 
 
Structure A 
Well 
TB 157 
TB 279 
TB 301 
TB 305 
TB 300 
TB 299 
TB 292 
TB 295 
TB 308 
20 m 
N 
152 
 
 
Figure 31. Desmontà, Tomb 300, female burial with bronze earrings modified from Melato 
(2015) 
 
 
 
7.3.2.3 Peschiera 
Peschiera del Garda was the western most municipality in Verona (25 km west), which 
borders the provinces of Brescia and Mantova. Peschiera del Garda is the location of a Roman 
settlement (1st century BC to 4th century AD), Arilica, which was first excavated in 1974 by the 
General Direction for Archaeological Heritage in the Veneto. A residential area associated with 
warehouses (3-4 buildings) and cobbled courtyards were uncovered suggesting it served a living 
and commercial function (Figure 32). Peschiera’s location on the southern shores of Lake Garda 
would have allowed trade between the Po Plain and alpine valleys (the Po and Mincio rivers 
connect with Lake Garda) and access to an important Roman road Verona-Brescia-Milano (Bruno 
and Manasse 2000).  
 In 1999, new excavations by Dr. Brunella Bruno in association with the Soprintendenza 
Archeologia del Veneto uncovered parts of a road with water drainage systems (channels), and 
previous structures indicative of occupations from the 3rd to 2nd century BC (which were destroyed 
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by a fire). Stratigraphic evidence showed frequent flooding and stagnant water. Along the road 
was evidence of the construction of buildings with garden plots and burials. None of the burials 
contained burial goods and dating of this occupational phase was from the 1st century BC to the 
4th century AD (Bruno and Manasse 2000).  
 
 
Figure 32. Peschiera del Garda, Arilica, Roman villa schematic modified from Bruno and Manasse 
(2000) 
 
 
 
7.3.3 Rovigo 
Remains from two sites in the province of Rovigo (Figure 33) were utilized for this 
research, which include Riformati Street (4-6th century AD) and San Basilio (4-6th century AD).  
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Figure 33. Rovigo sites: Riformati St. (Adria), and San Basilio, modified from Google Maps 
(2019) 
 
7.3.3.1 Riformati Street 
 Riformati Street was located in Adria, around 23 km east of Rovigo, and 25 km from the 
Adriatic Sea. Adria is located between the mouths of the Adige and Po rivers, and was connected 
to Rome by the Via Flaminia, and Padova by the Via Annia, and consequently to Aquileia, another 
important port. Adria was an important port beginning with Greek origin during the 6th century 
BC, and became an important Roman town known for glass production and trade with transalpine 
regions (France, Germany, and Switzerland) (Gallo et al. 2013). Around the 2nd century AD, 
geological changes filled in the Po delta creating increased distance from the coast, thus reducing 
its role as a commercial port. 
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Excavations at Riformati Street were conducted in 2000 by Dr. S. Bonomi on behalf of the 
Soprintendenza Archeologia del Veneto. Riformati falls within the boundary of a Roman city. 
Excavations uncovered residential areas in the Iron Age, Roman, and burials from Late Antiquity, 
with at least two building phases (Malvestio 2001). A necropolis was uncovered in the stratigraphic 
layer below the surface belonging to Late Antiquity. Six tombs contained burials in pits above a 
previously demolished Roman structure. Burials were oriented east-west (head to the west), and 
some contained brick fragments possibly indicative of cappuccina burials. Three of the burials 
contained burial goods, two with bone combs and one of a young female who had two bronze 
earrings and a necklace made of glass beads (Malvestio 2001).  
 
7.3.3.2 San Basilio 
 Archaeological excavations at San Basilio took place in two campaigns (2005-2006 and 
2006-2007) by Dr. Simonetta Bonomi in collaboration with the Soprintendenza for Archaeological 
Heritage of the Veneto. The excavation uncovered a large Roman building, early Christian church 
with associated cemetery, and a well with additional structures from the Early Medieval period 
(Figure 34). The rustic Roman settlement was constructed during the Imperial period (2nd century 
AD) near the mouth of the Po, an important communication route at the time. The excavations also 
uncovered a church, believed to have been constructed during the 4th century AD. The construction 
of the church occurred on abandoned demolished structures, and a necropolis was located 
southwest of the church (Marcassa and Paganotto 2009). 
The necropolis was used from the 4th to 6th centuries AD and correlates with the different 
building stages of the church. The necropolis expanded into previously abandoned structures. 
Thirty-four tombs were identified, including children, and its location near the church suggests the 
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importance of the religious center at the time. Unfortunately, it appears that a good portion of the 
necropolis was damaged, and burial goods and burial materials were taken for reuse causing the 
skeletal remains to be disturbed. Valuable objects were likely taken as well (Marcassa and 
Paganotto 2009).  
 
 
Figure 34. Excavation map of San Basilio tombs modified from Marcassa and Paganotto (2009) 
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 The majority of the burials were oriented west-east; however, a few were buried north-
south potentially to conserve space in the necropolis, or to distinguish a higher social position as 
they were located against the church. Many of the burials were cappuccina style, with roofs of 
brick (Figure 35). There was an infant burial in amphora, and a tomb that contained the remains 
of three individuals together. Small bird remains were found next to one of the burials, which the 
researchers suggest could have been a pet. In addition, Tomb 12 contained the remains of a dog 
buried next to an inhumation. Burial goods were recovered from some of the burials, consisting of 
everyday objects such as glass cups, lamps, and ceramic containers (Marcassa and Paganotto 
2009). 
Evidence of abandonment was seen during the 6th century AD, which could correspond 
with the various invasions of the Italian peninsula by the Ostrogoths. With the establishment of 
the Langobards in the Early Medieval period, San Basilio underwent a progressive decline, but 
evidence of partial reuse of the structures and materials from burials facilitated the construction of 
new wooden buildings (possibly belonging to the Langobards) (Marcassa and Paganotto 2009). 
 
 
Figure 35. Cappuccina burial at San Basilio, modified from Marcassa and Paganotto (2009) 
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7.4 Materials 
Skeletal remains from the excavated cemetery of Sovizzo (late 6th to 7th century AD) were 
housed at the Santa Corona Museum in Vicenza. The main burial goods that were listed were 
ceramics, bone combs, knives, iron and bronze belt buckles, daggers, iron pieces, and bronze coins. 
In some cases, ceramic pieces were found in the boxes with the remains (Figure 36). A total of 
166 boxes were recorded, which consisted of the following: 18 sub-adults, 51 unidentifiable 
individuals (fragments), 63 adults (33 males and 30 females), and 34 indeterminate adult 
individuals. In addition, seven faunal remains (cow) were found mixed with human remains in 
some of the boxes (Figure 37). Preservation ranged from poor (highly fragmented with cortical 
erosion) to good. Of the available adult remains (97), 92 individuals were sampled for chemical 
analysis and brought to the Laboratory for Archaeological Sciences at the University of South 
Florida, Tampa, FL where they are currently housed (as are all the samples from this study). Due 
to budgetary constraints, 50 individuals (25 males and 25 females) were selected for bone stable 
isotope analysis from the sample of 92 individuals, and 30 of those selected individuals (15 males 
and 15 females) for dental stable isotope analysis.  
Skeletal remains from the excavated site of Dueville (late 6th to 7th century AD) were 
housed at the Palladio Museum in Vicenza. The preservation of the Dueville remains was 
significantly better than Sovizzo, with most in good to great condition. A total of 157 crates were 
recorded, which included: 47 sub-adults, 26 unidentifiable individuals (fragments), 80 adults (35 
males and females), and nine indeterminate sex. In addition, two faunal remains (cow), and bone 
comb fragments were found within the burials. Of the available adult remains (89), 87 individuals 
were sampled for chemical analysis. As above, due to budgetary constraints, 50 individuals (25 
males and 25 females) were selected for bone stable isotope analysis from the sample of 87 
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individuals (from the sample that contained both elements), and 30 of those selected individuals 
(15 males and 15 females) for dental stable isotope analysis.  
 
 
Figure 36. Ceramic pieces found in burial 212 from Sovizzo, photographed by A. Maxwell 
 
 
Figure 37. Cow os coxa found in burial 288 from Sovizzo, photographed by A. Maxwell 
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Remains from the Verona sites were all housed at the Soprintendenza Patrimonio Storico 
Artistico ed Etnoantropologico in Verona. The remains from the Bardolino Early Medieval 
necropolis (6th to 8th century AD) were made available for analysis. A total of five crates were 
analyzed, of which seven individuals were recorded. These crates included two males, three 
females, and two indeterminate sex. One crate contained two comingled females (samples were 
collected from two left femora). Bone samples were collected from all seven individuals. For 
Desmontà (6th to 7th century AD), a total of eight crates containing eight individuals were recorded. 
There were four adults (one male, one female, two indeterminate), two young adults, one pig, and 
two sets of remains that were poorly preserved and not sampled. The six individuals were sampled 
for isotope analysis. For Peschiera (4th century AD) a total of 10 crates were analyzed. These crates 
contained seven adults (two female, three male, two indeterminate), two subadults, and a pig os 
coxa. All adult remains were sampled for bone stable isotope analysis. Ceramic sherds, needles, 
and glass were found with some of the crates and recorded.  
 The remains from Riformati Street and San Basilio were housed at the National 
Archaeological Museum of Adria in the province of Rovigo. In addition, over 10 bags of faunal 
remains were also provided to review and select samples. The remains from Riformati Street (4-
6th century AD) were housed in six crates. Two sets of remains were sub-adults and four were 
adults. Of the four adults, two were male one female, and one indeterminate sex. In addition, a pig 
specimen was located in Tomb 4, and five additional faunal remains were sampled from provided 
bags, which included: bird (class Aves), chicken (Gallus gallus), sheep/goat (Ovis/Capra), cow 
(Bos taurus), and pig (Sus scrofa). Some of the crates also contained ceramic fragments and bronze 
pieces. For San Basilio, 13 excavated tombs contained 35 individuals. Of these 35 individuals, 
three contained fragments and were not sampled, five were sub-adults, 14 adult males, seven adult 
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females, and six indeterminate sex. A total of 24 individuals were sampled for bone isotope 
analysis, which included 13 males, seven females, and five indeterminate individuals. Some of the 
burials contained burial goods, such as pottery and glass. Various bags of faunal remains were 
sorted, and seven remains were selected for analysis, including: canid (Family Canidae), chicken, 
beaver (Castor fiber), cow, pig, sheep/goat, and horse (Equus ferus). 
 Therefore, a total of 149 individuals were chosen for stable isotope analyses from the seven 
sites listed above (Table 4). In addition, 24 faunal remains, including five modern fish collected 
from freshwater lakes and the Venetian Lagoon were sampled (Table 5).  The faunal remains were 
identified by Dr. Diane Wallman, and the modern fish were collected by Dr. Andrea Vianello, and 
provided by the National History Museum of Venice. Table 4 presents the number of human 
samples from each site. Out of 149 individuals, 68 were identified as male, 64 female, and 17 
indeterminate sex. In terms of age, 23 were 20-34, nine were 35-50, four were 50+ and 72 could 
only be aged as adult.  
 
Table 4. Human samples 
Site Attributed 
Period 
# Bone # Teeth Male Female Indeterminate 
San Basilio 4-6th century AD 22 - 11 8 5 
Riformati 4-6th century AD 6 - 2 1 3 
Peschiera 4th century AD 7 - 0 2 5 
Desmontà 6-7th century AD 6 - 2 0 4 
Bardolino 6-8th century AD 7 - 3 3 0 
Sovizzo 6-8th century AD 50 30 25 25 0 
Dueville 6-8th century AD 50 30 25 25 0 
Total   149 60 68 64 17 
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Table 5. Faunal Samples 
Animal Time Period Site Geography n 
Cow (Bos) 6-8th century AD Dueville Vicenza 2 
Cow (Bos) 6-8th century AD Sovizzo Vicenza 2 
Cow (Bos) 4-6th century AD S. Basilio Adria 1 
Cow (Bos) 4-6th century AD Riformati Adria 1 
Sheep/Goat (Ovis/Capra) 4-6th century AD S. Basilio Adria 1 
Sheep/Goat (Ovis/Capra) 4-6th century AD Riformati Adria 1 
Bird/Chicken (Aves/Gallus) 4-6th century AD S. Basilio Adria 1 
Bird/Chicken (Aves/Gallus) 4-6th century AD Riformati Adria 2 
Pig (Sus) 4-6th century AD Riformati Adria 2 
Pig (Sus) 4th century AD Peschiera Verona 1 
Pig (Sus) 6-7th century AD Desmontà Verona 1 
Pig (Sus) 4-6th century AD S. Basilio Adria 1 
Horse (Equus) 4-6th century AD S. Basilio Adria 1 
Canid 4-6th century AD S. Basilio Adria 1 
Beaver (Castor) 4-6th century AD S. Basilio Adria 1 
Fish Suacia 
(Arnoglossus laterna) 
Modern n/a River  1 
Fish Scardola  
(Scardinius erythrophthalmus) 
Modern Rio 
Draganziolo 
River 1 
Fish Alborella  
(Alburnus arborella) 
Modern Rio 
Draganziolo 
River 1 
Fish Bavosa  
(Parablennius sanguinolentus) 
Modern n/a Lagoon 1 
Fish Nono  
(Aphanius fasciatus) 
Modern n/a Lagoon 1 
Total    24 
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CHAPTER 8: METHODS 
 
8.1 Introduction 
  This chapter outlines the osteological and stable isotope methods used in this study. A 
biological profile was established when preservation permitted, which included age and sex. 
Pretreatment protocols, analytical methods, and statistical analyses for the stable isotope analyses 
are also described.  
 
8.2 Biological Profile 
8.2.1 Sex Estimation 
 Cranial and pelvic morphology were used for sexing individuals for this study. For pelvic 
morphology, Phenice's (1969) technique for the subpubic region, and Buikstra and Ubelaker's 
Standards for Data Collection from Human Skeletal Remains (henceforth Standards) methods for 
the sciatic notch and preauricular sulcus were used. For the cranium, the revised Acsádi and 
Nemeskéri (1970) cranial features scoring system was employed. The estimation of sex was 
recorded as follows: indeterminate (I), probable female (PF), female (F), probable male (PM), and 
male (M). For statistical analyses, those considered probable female were grouped with female, 
and probable male with male. 
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8.2.2 Age Estimation 
Poor preservation made aging remains difficult. Often, the auricular surface was the only 
skeletal element preserved for age estimation, which can show unreliable results after the age of 
45, and biases towards younger individuals. However, it is generally reliable for archaeological 
samples, since they are usually composed of individuals with shorter life expectancies and is 
accurate for younger individuals (Millan et al. 2013). The method used for aging the auricular 
surface followed Lovejoy et al. (1985). A few individuals had pubic symphyses intact for analysis; 
therefore, the Suchey-Brooks (1990) method was employed for its accuracy and reliability and use 
in other published works from Italy. Thus, an attempt was made to age individuals into the 
following categories recommended by Standards: young adult (20-34); middle adult (35-49), old 
adult (50+); and adult (indeterminate age). All individuals that did not have skeletal elements for 
aging were recorded as adult based on dental development and fusion of long bones. These age 
categories were the best choice for encompassing previously published research from Italy, with 
only slight deviations from some researchers’ designations.  
 
 
8.3 Stable Isotope Methods 
 A total of 102 femoral shafts, 47 ribs, and 60 premolars (crown and root) were sampled for 
carbon (13C), nitrogen (15N), and oxygen (18O) stable isotope analysis. Premolars were chosen 
because crown development initiates around age two and ends at 5-6 years, and roots begin 
forming age five and finish 12-14 years, which limited the effects of weaning on the isotopic values 
(Dupras and Tocheri 2007). Femoral shafts were cut with a handheld saw (about 3 inches of bone), 
while whole ribs were bagged. Teeth were collected using pliers when necessary. Carbon and 
nitrogen from bone collagen (13Cco, 
15N) and tooth roots (13Cdentin, 
15Ndentin), and carbon and 
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oxygen from tooth enamel (13Cen and 
18Oen) and bone apatite (
13Cap and 
18Oap) were analyzed 
for this research.  
 
8.3.1 Sample Pre-Treatment 
 
 Tooth and bone samples were prepared and purified at the USF Archaeological Sciences 
Laboratory using the following established protocols (Ambrose and Norr 1993; Tykot 2002).  
 
8.3.1.1 Bone Collagen 
 
 Around 2-3 grams of bone was weighed and cleaned using instruments to remove soil and 
other adherent materials, in addition to using an ultrasonic water bath. Samples were placed in a 
drying oven overnight (60° C), and underwent the following processes: 
1. Apatite samples were drilled from the cleaned dry bone. Then, approximately 1 g of bone 
was weighed from the remaining samples and each placed in a 100 ml glass vial.  
2. Each sample was soaked in 50 mls of 0.1 M NaOH solution for 24 hours to remove humic 
acids and most lipids.  
3. The NaOH solution was poured off, and samples were rinsed with deionized water four 
times. The samples were cut into smaller pieces and 50 mls of 2% HCl was added to the 
vials to remove carbonates, phosphates, and fulvic acids for 24 hours (Figure 38).  
4. The HCl was poured off, and samples were rinsed with deionized water four times. This 
process was repeated every 24 hours with fresh HCl until the acid solution was no longer 
yellow, and there were no bubbles on the surface.  
5. The samples were then rinsed four times with deionized water, and soaked in 50 mls of 0.1 
M NaOH solution for 24 hours to remove remaining humic acids. 
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6. After 24 hours, the samples were rinsed four times with deionized water, and 50 mls of 
defatting solution (2:1:0.8 mixture of methanol, chloroform, and deionized water) was 
added for 24 hours to remove any lipid (fat) content. 
7. The defatting solution was poured off into designated waste jars. Samples were rinsed four 
times with deionized water and placed into 2-dram glass vials to be placed in the drying 
oven (60° C) overnight.  
8. Each of the dried samples was weighed to determine collagen yield. Then, for each sample, 
two 1 mg samples were collected and wrapped into tiny tin capsules for preparation for the 
mass spectrometer (Figure 38). Two samples per individual were submitted to ensure 
preservation/contamination did not affect the reliability of the results.  
The same chemical procedure was followed for tooth roots, except whole roots were cut from the 
enamel using a table saw and placed into glass vials for processing.  
 
  
Figure 38. Collagen samples in HCl (left); samples wrapped in tin capsules (right), photographed 
by A. Maxwell 
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8.3.1.2 Bone Apatite 
 Bone apatite samples were drilled using a handheld Dremel microdrill from prewashed 
bones utilized for collagen analysis (see above) and processed as follows: 
1. Approximately 10 mg of bone powder was drilled and placed into 1.5 ml conical vials.  
2. Then, 1 ml of 2.0% bleach solution was added to the samples to remove collagen, bacterial 
proteins, and humates. The samples sat for 72 hours (Figure 39). 
3. After 72 hours, the bleach solution was pipetted out, and the samples were rinsed using 
deionized water and centrifuged four times. Samples were placed in a drying oven at  
60° C overnight. 
4. Samples were weighed, and then pre-treated with 1 ml of 1 M acetic/sodium acetate buffer 
solution for 24 hours to remove any non-biogenic carbonate contaminants. 
5. The acetic/sodium acetate buffer solution was pipetted out, and samples were rinsed using 
deionized water and a centrifuged four times. Samples were placed in a drying oven at 
 60° C overnight. 
6. Samples were weighed to get a total weight, and then a smaller sample (0.9-1.1 mg) was 
weighed into 2-dram glass vials for preparation for the mass spectrometer. 
 
 
Figure 39. Bone apatite prepared samples, photographed by A. Maxwell 
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8.3.1.3 Enamel Pretreatment 
 Tooth crowns were cleaned using a soft toothbrush and deionized water and left to dry. 
The following protocol was used: 
1. The initial enamel surface was lightly drilled with a handheld Dremel microdrill to remove 
any additional surface adhesives. Then, 10 mg of enamel powder was drilled and placed 
into 1.5 ml conical vials.  
2. Next, 1 ml of 2% bleach solution was added to remove collagen, bacterial proteins, and 
humates for 24 hours. 
3. After 24 hours, the bleach solution was pipetted out and the enamel was rinsed and 
centrifuged four times with deionized water. Samples were placed in the drying oven 
overnight at 60° C. 
4. Samples were weighed and then pretreated with 1 ml of 1 M acetic acid/sodium acetate 
buffer solution for 24 hours. 
5. The acid/sodium solution was pipetted out and the samples were rinsed and centrifuged 
four times with deionized water. Samples were then placed in the drying oven overnight. 
6. Samples were weighed to get a total weight, and then a smaller sample (0.9-1.1 mg) was 
weighed into 2-dram glass vials for preparation for the mass spectrometer. 
 
8.3.2 Analytical Methods  
8.3.2.1 Collagen 
 In order to get an accurate isotopic signal, preservation of bone and teeth were imperative. 
Ambrose (1990) discovered that if more than 10% of collagen in bone survives then dietary 
isotopic composition should be representative. There are multiple tests to ensure the reliability of 
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collagen results. The % yield of collagen (minimum weight of carbon and nitrogen yields in the 
sample) was calculated by taking the final weight of collagen and dividing it by the initial weight 
times 100. If the % collagen yield is <1%, the results may be unreliable, due to differential 
preservation of amino acids in the sample. Second, %C and %N amounts from the mass 
spectrometer (relative to the size of the sample) were measured. Modern carbon percentages are 
43%, and nitrogen 16%, while archaeologically carbon values tend to be as low as 6.9% and 
nitrogen 2.4% and still contain well preserved collagen (Ambrose and Norr 1992). In addition, the 
atomic C:N ratio of the gases produced (CO2 and N2) were used as a measure of reliability 
(Ambrose 1990; Ambrose and Norr 1992; Tykot 2014). Generally, ratios of 2.9-3.6 (modern 
collagen ratios are around 3.2) are considered reliable (Ambrose 1990). Finally, two 1 mg samples 
were run to ensure consistency in the isotope results. 
 All collagen (carbon and nitrogen isotopes) samples were run using a Carlo-Erba NA2500-
II EA with a Costech Zero-Bank autosampler coupled with a continuous flow Thermo Finnigan 
Delta + XL stable isotope ratio mass spectrometer. Reference gases and solid samples were 
analyzed, and run every six or seven samples thereafter to ensure reliability (Tykot 2004). The tins 
containing 1 mg collagen samples were placed in the autosampler, where samples were converted 
to CO2 and N2 gases (measured relative to laboratory reference CO2 and N2 gases) through 
combustion/reduction furnaces, and separated to measure the carbon and nitrogen ratios. 
Generally, the precision of carbon is ± 0.1‰ and reported relative to Vienna Pee Dee Belemnite 
(VPDB), while the precision of nitrogen is ≤ 0.2‰ and reported relative to AIR (both expressed 
in standard delta notation) (Katzenberg 2008).  
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8.3.2.2 Apatite (Bone and Enamel) 
 Pretreatment processes for apatite have allowed its use in dietary reconstruction, as 
previous concerns related to contamination from groundwater have been alleviated with new 
methods (Krueger and Sullivan 1984). To ensure reliability, sample loss during pre-treatment 
procedures was measured (total weight from beginning to end), as was the CO2 yield from the 
mass spectrometer. Generally, the presence of well-preserved collagen is a good indication of well-
preserved apatite (France et al. 2015). Samples were run using a Thermo Fisher MAT253 IRMS 
coupled to a GasBench-II + continuous-flow interface for 13C and 18O isotope ratios. The 1 mg 
samples were reacted with ~500 μl 104% H3PO4 @ 30° C for 24 hrs. CO2 is entrained in a 99.999% 
helium carrier stream, and passes through 2 membrane-diffusion water traps and is 
chromatographed to separate isobaric interferences and then transferred into the IRMS ionization 
source via an open-split interface. Reference materials used for apatite were TSF-1 (calcite), 
BORBA (marble), and LECO (calcium carbonate). Generally, carbon measured from dental 
enamel has a precision of ± 0.06‰, and oxygen ±0.3‰. Samples were reported in standard delta 
notation relative to VPDB.  
 
8.3.3 Sample Reporting 
 
 All reported standard delta notation results for bone collagen (13Cco, 
15N), root dentin 
(13Cdentin, 
15Ndentin), bone apatite (
13Cap and 
18Oap), and tooth enamel (
13Cen and 
18Oen) were 
recorded in Microsoft Excel (2013) spreadsheets for data analysis. These spreadsheets include 
isotope values, C:N ratios, %C and %N, and percent yield. With respect to material lost through 
the pretreatment process, samples with 0.5% to 1% collagen yields were included. In addition, 
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collagen-apatite spacing was reported by subtracting collagen from apatite. Oxygen reporting 
required multiple conversion equations discussed below (and provided in Appendix B). 
 
8.3.3.1 Oxygen 
 
 To establish a local baseline for oxygen stable isotope analyses, it is best to use modern 
human values, because fauna have different oxygen fractionation processes than humans and 
cannot be used (Pollard et al. 2011). However, there was no comparative modern human data set 
to establish an oxygen isotope baseline in the Veneto, so other methods were employed. The first 
method was to establish a local baseline using oxygen drinking water values from meteoric 
precipitation measurements in the region, and the second was to implement conservative statistical 
measures for identifying outliers in the population. 
 To establish a local baseline, meteoric precipitation values from published recordings and 
an oxygen precipitation calculator were used (Bowen and Revenaugh 2003; Giustini et al. 2016; 
Longinelli and Selmo 2003). In order to utilize oxygen isotopes for comparisons with precipitation 
maps for drinking water, conversion equations for carbonate values to phosphate, and phosphate 
to drinking water were implemented. Carbonate and phosphate are found in tooth enamel; 
however, the direct sampling of phosphate is not common practice for many laboratories, as most 
directly measure carbonate values. Therefore, phosphate values were acquired through conversion 
measures. The conversion measures below are the most common used for oxygen migration 
studies, and was used by Killgrove and Montgomery (2016) for their migration study conducted 
in Italy. Therefore, to maintain consistency in the development of isotopic baselines in Italy, the 
same equations were used for the Veneto. This is the first oxygen analysis in this region; therefore, 
as more data becomes available in the future a full baseline can be established. 
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 Phosphate values were reported relative to the Vienna Standard Mean Ocean Water 
(VSMOW) standard, thus 18O VPDB values were converted to VSMOW (
18OCarbonate) using the 
following equation (Coplen 1988): 
18OVSMOW= 1.03092 * 
18OVPDB + 30.92 
Once values were in VSMOW standard, they could be converted to 18OPhosphate using the following 
formula from Iacumin et al. (1996): 
18OPhosphate= 0.98 * 
18OCarbonate – 8.5 
Finally, the 18OPhosphate values were converted to 
18Odw using the following equation by Daux et 
al. (2008): 
18Odw= 1.54 * 
18OPhosphate – 33.72 
 
8.4 Statistical Analysis  
 
 All statistical analyses were performed using SPSS v.24, and all statistical data not 
reported in the results is provided in Appendix C. Isotope values were illustrated with bivariate 
plots and basic descriptive statistics including value ranges, means, and standard deviations for 
the investigated groups. The data were checked for normality using the Shapiro-Wilk test, and 
for equality of variance using a Levene’s test. If the data were normally distributed with equal 
variances, parametric testing was used to assess inter- and intra-site statistical significance for 
isotope values. This testing included a one-way analysis of variance (ANOVA), which was used 
when the mean of more than two samples were being compared, and a Student’s t-test to 
compare the means of two independent samples. When the data were not normally distributed 
and did not show equality of variance, nonparametric testing was used in place of the previously 
described tests. These non-parametric tests include Kruskal-Wallis (for ANOVA), Mann-
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Whitney U (for Student’s t-test), and Wilcoxon Signed Ranks test (to compare tooth and bone 
samples for the same individual). Non-parametric tests differ from parametric tests because the 
measure of central tendency for the former is the mean (M), and the latter the median (Mdn). 
Non-parametric testing was also chosen when sample sizes were small (less than 15 individuals) 
(Drennan 2010; Madrigal 2012). The standard alpha level of .05 was used for all statistical tests. 
 Several studies have used statistical analyses on human oxygen values to identify outliers, 
or non-local individuals within a sample without a proxy for a baseline (Gregoricka et al. 2017; 
Lightfoot and O’Connell 2016). Conventional measures of scale, such as the two standard 
deviation method (any values that are 2 SD from the mean are considered outliers) often 
overestimate an outlier population, leading to false positives, while more robust measures, such as 
the interquartile range (IQR) and Median Absolute Deviation (MAD), which operate off median 
values, can create false negatives (Lightfoot and O’Connell 2015). This is an understood trade-off 
when using statistical analyses. Lightfoot and O’Connell (2015) tested these statistical methods 
using oxygen values from Europe, and found the best measure for identifying outliers was the 
interquartile range (IQR). IQR is a conservative measure and better suited for data that is not 
normally distributed.  
 The IQR contains four quartiles, where Q1 has 25% of the data below it, Q3 has 25% above 
it, leaving a 50% distribution in between. It is often visually represented using a box-plot that 
depicts Q1 and Q3 along with the median (Walfish 2006). The IQR is the difference between the 
third (75th) and first (25th) quartiles, and this value is multiplied by 1.5. This new value is added 
to the third quartile, and subtracted from the first to produce an IQR range (Q1-1.5 IQR and Q3 
+1.5 IQR). Those individuals outside of the IQR range are considered non-local (Lightfoot and 
O’Connell 2016). This method is less effective at detecting regional migrants, and more so 
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distinguishes individuals with distinct isotopic values from the region; however, combining this 
statistical method with conversion values for meteoric drinking water can provide a rough estimate 
of non-local individuals in the samples. These methods were used for this study.  For oxygen stable 
isotope values, all statistical inter- and intra-site statistical analyses were performed on the original 
VPDB values to avoid the introduction of error from the conversion equations. 
 The 2 SD method was used to determine anomalous individuals in the paleodietary 
analysis. A review of the literature showed there were various approaches to determining 
anomalous individuals in paleodietary studies. Some researchers visually distinguished individuals 
who appeared as outliers, while others used the 2 SD method (Killgrove and Montgomery 2016; 
Killgrove and Tykot 2013, 2018). The 2 SD method is a conventional measure of scale that 
evaluates how far a value deviates from the mean. This measure takes into account every variable 
in the data set, and is appropriate to apply to data that is normally distributed (Madrigal 2012). The 
goal of assessing the paleodietary data was not to construct a baseline (as is used for mobility), but 
to explore dietary variation in the samples. The 2 SD method was chosen to evaluate any 
anomalous individuals within the sample for Cco, Cap,when the data were normally 
distributed.  
 In addition, a discriminant function analysis (DFA) was performed on the four isotopic 
variables 18O, Cco, Cap,for a multivariate statistical analysis. Discriminant function 
analysis is used to estimate the probability of an individual belonging to a particular site based on 
their isotopic values. This analysis presents the probability of classifying an individual to a 
particular site, and what variables are the best determinates of site occupation (Froehle et al. 2012). 
Thus, DFA examines whether certain variables (isotope values) can accurately reclassify 
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individuals into their respective sites (Jepsen and Winemiller 2002). This statistic was used to 
assess the degree of variability between the sites. 
 The statistical analyses involved separating sites/individuals based on geographic region, 
sex, age, and burial good types. For geographic grouping, sites were combined into their respective 
provinces of Vicenza, Verona, and Rovigo. For sex, the three classifications include males, 
females, and indeterminate, where probable males and probable females were combined into the 
male and female categories. Indeterminate individuals were excluded from statistical analyses 
related to sex. Burial goods were categorized as present or absent, and broken down by type into 
the following categories: (1) weapons burial; (2) jewelry; (3) bone comb/knife; (4) ceramics; (5) 
glass; and (6) shells.  
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CHAPTER 9: RESULTS 
 
 
9.1 Mobility 
Since there are no comparative modern human data available to establish an oxygen 
isotopic baseline from the Veneto, the following results present local drinking water ranges from 
modern precipitation data, and a conservative statistical method, IQR, to construct a “local” range 
from the existing samples. Oxygen stable isotope results from human and faunal remains, bone 
and enamel values, are in Appendix B, which includes the converted values from VPDB to 
VSMOW, phosphate (VSMOW), and drinking water (VSMOW). 
 
9.1.1 Establishing a Local Isotopic Drinking Water Range for the Veneto 
Stable oxygen isotope analysis has not been conducted on remains from northeastern Italy; 
therefore, this required the construction of a local baseline from recorded precipitation values from 
the region. Climate influences precipitation values, and it varies in the Veneto due to elevation, 
mountain ranges, the plains, and distance from the coast. In general, the Veneto is warm and 
temperate, with an average annual temperature of 15.9° C and average precipitation of 487 mm; 
however, there are seasonal fluctuations with the highest rainfall from April to July (WWO 
4/4/2018; Bosellini 2017). Regions in the Veneto vary in elevation due to the Alps to the north, 
central Po Plain, and Apennine Mountains to the south, which affects precipitation and thus 18O 
precipitation values (Scarascia et al. 2006). For example, the Alpine and Apennine mountainous 
areas that are 1000 m in elevation have recorded precipitation of 1000 mm, while the lower Po 
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Plain and coastal areas have recorded 500-700 mm (Scarascia et al. 2006). In addition, the lowest 
temperatures are generally found in the Alps, with variations between north and south, and coastal 
and inland areas. For the Po Plain, winter temperatures can get to 0° C, while in the summer  
25° C (Scarascia et al. 2006). For the archaeological sites utilized for this research, the main water 
sourcing for domestic use was cisterns and wells due to their rural locations. Evidence of rainwater 
collection and filtration was found during excavations at San Basilio (sub-circular well 5 m in 
diameter), and Desmontà (rectangular wells) (Marcassa and Paganotto 2009; Melato 2015). 
Longinelli and Selmo (2003) produced a map of the isotopic composition precipitation 
values reported in VSMOW from Italy using rain water samples from 77 locations, while Giustini 
et al. (2016) revised this map by adding additional data totaling 266 locations from Italy, France, 
Switzerland, Austria, Slovenia, and Croatia. The researchers reported a marked effect from water 
vapor from the northern Adriatic Sea in the Po Plain, with heavier isotopic values on the eastern 
and central area of the Po Plain (reaching to Milan and the Piedmont area) from −6.0‰ to −5.0‰ 
VSMOW. This was due to northeasterly winds over the northern Adriatic and the Alps. The 
southern section of the Po Plain had a marked shadow effect from the Apennine ridge, with lower 
isotope values than expected based on latitude, elevation, and mean annual temperatures (−8.0‰ 
to −7.0‰ VSMOW). Longinelli and Selmo (2003) also noticed the eastern basin was characterized 
by a dry north-easterly wind from the surrounding land masses (Croatia, Bosnia) and south-
easterly winds from the Mediterranean (Longinelli and Selmo 2003). On the other hand, the 
shadow effect of the Alps was not as pronounced as expected, especially due to its elevation, with 
oxygen stable isotope values around −8.0‰ VSMOW. The researchers found no real correlation 
between mean temperature and isotope values; however, the oxygen isotope distribution was 
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affected by elevation (−0.2‰/100 m). Giustini et al. (2016) found an inflection in isotope values 
in the north, with slightly more negative values than Longinelli and Selma (2003). 
The average precipitation recordings from stations in the northeastern sector of Italy 
(Trieste, Basovizza, Pordenone, Udine, Rivo) showed a range of −8.3‰ to −6.2‰ VSMOW 
(Longinelli and Selmo 2003). In addition, average recordings from a 18O precipitation calculator 
for Verona were −7.7‰ VSMOW (elevation 59 m), and Vicenza −7.2‰ VSMOW (elevation 39 
m), while Rovigo was −6.8‰ VSMOW (elevation 7 m) (Bowen and Revenaugh 2003). Most 
stationary populations should have a range of values around 2‰; therefore, using the maps devised 
by Longinelli and Selmo (2003) and Giustini et al. (2016), and the average values from the isotopic 
precipitation calculator, the following ranges for the three geographic areas were proposed: Rovigo 
−7.0‰ to −5.0‰ VSMOW; Vicenza −8.0‰ to −6.0‰ VSMOW; Verona −8.0‰ to −6.0‰ 
VSMOW. To account for the northeast areas of the Veneto influenced by the Alps, and the 
southern areas of the Po Plain influenced by the Apennine Mountains, values between −9‰ and 
−5‰ VSMOW represent the estimated regional spread of populations from the Veneto (Figure 
40). This regional spread of the Veneto encompasses the entire range of Italian oxygen isotope 
values; however, the goal of this research was to assess non-local individuals (migrating 
Langobards) from Pannonia, which has significantly different oxygen values than Italy. This is 
explained next. 
The Langobards migrated from an area of land covering parts of Hungary, Austria, 
Slovenia, and Croatia to emerge through the Julian Alps into Friuli. Average yearly oxygen isotope 
data from Austria range from −10.7‰ to −9.9‰ VSMOW; −8.9‰ to −6.1‰ VSMOW in 
Slovenia; and Croatia ranges from −9.9‰ to −5.6‰ VSMOW (coast) (Vreca et al. 2006). In 
addition, Evans et al. (2006) indicate values around −9.0‰ VSMOW for the Pannonian region, 
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with more depleted values in mountainous areas. Calculations by a 18O precipitation calculator 
suggest a continental range of −11.4‰ to −7.5‰ VSMOW from Hungary to Friuli (Bowen and 
Revenaugh 2003). Therefore, values that could indicate the Langobard population will most likely 
be more negative than the local Italian population from the Veneto with values around −9.0‰ 
VSMOW. However, Langobards migrating as children through Slovenia and coastal Croatia could 
have similar values to the Veneto (−7‰ to −6‰ VSMOW), although historical records indicate it 
took less than a year for the Langobards to migrate into the Italian peninsula. Therefore, it seems 
more likely that the migrating Langobards will show values indicative of their time in continental 
Pannonia, mainly Hungary and Austria.  
 
 
Figure 40. Estimated regional oxygen values in the Veneto, modified from Google Maps (2019) 
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9.1.2 Enamel Results  
 The results from human tooth enamel and demographic data from Sovizzo and Dueville 
are presented in Table 6. Descriptive statistics are presented in Table 7. Carbon enamel apatite 
values are written as Cen, oxygen enamel apatite as 
18Oen, oxygen phosphate as 
18Op, and 
oxygen drinking water values as 18Odw. A series of statistical tests were conducted on 
18OVPDB 
values to look for inter- and intra-population variation in Sovizzo and Dueville. Tests for normality 
and equality of variance were not significant, so parametric testing including ANOVA and t-tests 
were used.  
 
Table 6. Carbon and oxygen results with conversion from VPDB to VSMOW 
ID Tooth Sex Age Site 13Cen‰ 
VPDB 
18Oen‰ 
VPDB 
18Oen‰ 
VSMOW 
18Op‰ 
VSMOW 
18Odw‰ 
VSMOW 
135 RP3 M 35-50 Sovizzo -5.5 -3.4 27.4 18.4 -5.4 
147 RP3 F Adult Sovizzo -11.8 -0.2 30.7 21.5 -0.5 
150 LP4 M 35-50 Sovizzo -10.3 -1.8 29.0 19.9 -3.1 
152 LP3 F Adult Sovizzo -8.0 -3.4 27.4 18.4 -5.4 
188 LP4 F 20-34 Sovizzo -8.6 -2.9 27.9 18.8 -4.8 
190 RP3 M 20-34 Sovizzo -7.4 -3.8 26.9 17.9 -6.1 
193 LP M Adult Sovizzo -6.7 -3.4 27.4 18.4 -5.4 
195 RP3 M Adult Sovizzo -7.9 -3.6 27.1 18.1 -5.8 
196 RP3 M 20-34 Sovizzo -9.9 -2.3 28.5 19.4 -3.8 
207 RP M 20-34 Sovizzo -5.5 -0.6 30.2 21.1 -1.2 
208 LP3 M Adult Sovizzo -6.4 -1.2 29.6 20.5 -2.2 
224 LP3 F 20-34 Sovizzo -6.0 -4.6 26.2 17.2 -7.3 
228 RP F Adult Sovizzo -6.6 -4.3 26.4 17.4 -6.9 
233 LP M 20-34 Sovizzo -8.7 -2.9 27.9 18.8 -4.8 
240 RP3 F Adult Sovizzo -5.4 -3.8 26.9 17.9 -6.1 
246 RP3 F Adult Sovizzo -3.4 -1.5 29.3 20.2 -2.6 
247 RP F 35-50 Sovizzo -8.4 -3.2 27.6 18.5 -5.2 
248 LP3 M 20-34 Sovizzo -6.4 -4.0 26.8 17.7 -6.4 
252 RP3 F Adult Sovizzo -7.6 -3.8 26.9 17.9 -6.1 
253  P F Adult Sovizzo -7.5 -3.7 27.1 18.0 -6.0 
255 RP3 F Adult Sovizzo -5.9 -5.0 25.7 16.7 -8.0 
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Table 6 (continued) 
ID Tooth Sex Age Site 13Cen‰ 
VPDB 
18Oen‰ 
VPDB 
18Oen‰ 
VSMOW 
18Op‰ 
VSMOW 
18Odw‰ 
VSMOW 
257 RP4 M Adult Sovizzo -5.3 -4.6 26.2 17.2 -7.3 
267 RP4 F 50+ Sovizzo -9.8 -3.3 27.5 18.5 -5.2 
286 LP3 M 20-34 Sovizzo -7.6 -4.1 26.6 17.6 -6.6 
288 LP4 M Adult Sovizzo -11.0 -2.0 28.8 19.7 -3.4 
293 LP3 F 20-34 Sovizzo -7.7 -3.7 27.1 18.0 -6.0 
294 LP3 F 20-34 Sovizzo -11.1 -1.5 28.8 19.7 -2.6 
299 RP M Adult Sovizzo -6.3 -2.0 29.4 20.3 -3.4 
318 RP M Adult Sovizzo -9.7 -1.4 25.1 16.1 -2.4 
329 RP3 F 35-50 Sovizzo -6.7 -5.6 25.1 16.1 -8.9 
373 LP3 F Adult Dueville  -6.3 -4.8 25.9 16.9 -7.7 
377 P M Adult Dueville  -6.8 -3.8 26.9 17.9 -6.1 
385 RP3 F 50+ Dueville  -5.6 -2.5 28.3 19.2 -4.1 
386 RP4 F Adult Dueville  -5.9 -3.4 27.4 18.4 -5.4 
393 LP3 M Adult Dueville  -6.4 -2.8 28.0 18.9 -4.6 
394 RP3 M Adult Dueville  -6.4 -4.4 26.3 17.3 -7.1 
396 LP3 F 35-50 Dueville  -6.9 -3.4 27.4 18.4 -5.4 
397 RP3 M Adult Dueville  -6.1 -2.8 28.0 18.9 -4.6 
408 LP3 M Adult Dueville  -6.1 -3.8 26.9 17.9 -6.1 
409 LP3 F Adult Dueville  -5.3 -2.6 28.2 19.2 -4.2 
425 RP3 F Adult Dueville  -6.8 -4.1 26.6 17.6 -6.6 
426 P M 35-50 Dueville  -7.5 -3.7 27.0 18.0 -6.0 
427 LP3 M 20-34 Dueville  -5.4 -4.3 26.4 17.4 -6.9 
464 P F 50+ Dueville  -5.9 -2.1 28.7 19.6 -3.5 
484 RP3 M Adult Dueville  -5.8 -4.7 26.0 17.0 -7.5 
489 RP3 F Adult Dueville  -5.7 -3.5 27.3 18.3 -5.5 
503 LP4 M Adult Dueville  -5.9 -3.7 27.0 18.0 -6.0 
511 RP4 M Adult Dueville  -6.5 -2.4 28.4 19.3 -3.9 
515 P F Adult Dueville  -8.5 -2.1 28.7 19.6 -3.5 
519 RP4 F Adult Dueville  -8.2 -3.5 27.3 18.3 -5.5 
522 LP3 F 35-50 Dueville  -6.9 -2.8 28.0 18.9 -4.6 
527 RP3 F Adult Dueville  -9.2 -3.5 27.3 18.3 -5.5 
528 LP3 F 20-34 Dueville  -5.1 -6.4 24.3 15.3 -10.2 
529 LP3 M Adult Dueville  -6.2 -3.2 27.6 18.5 -5.2 
539 RP3 M Adult Dueville  -6.3 -3.9 26.8 17.8 -6.3 
540 LP3 M Adult Dueville  -5.8 -5.2 25.5 16.5 -8.4 
541 RP3 M Adult Dueville  -5.3 -4.2 26.6 17.5 -6.7 
543 RP4 F 20-34 Dueville  -4.9 -4.5 26.2 17.2 -7.3 
544 RP3 F 20-34 Dueville  -3.3 -4.9 25.8 16.8 -7.8 
545 RP3 M Adult Dueville  -6.6 -2.8 28.0 18.9 -4.6 
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Table 7. Descriptive statistics for carbon and oxygen isotope results 
 Sovizzo Dueville 
13C‰ VPDB   
Tooth total 30 30 
Mean -7.6 -6.2 
SD 2.0 1.1 
Min -11.8 -9.2 
Max -3.4 -3.3 
Range 8.4 5.9 
Median 7.6 6.3 
18O‰ VPDB   
Tooth total 30 30 
Mean -3.1 -3.7 
SD 1.3 1.0 
Min -5.6 -6.4 
Max -0.2 -2.1 
Range 5.4 4.3 
Median 5.0 3.7 
 
 
For Sovizzo, the range of 18Oen(VPDB) values was −5.6‰ to −0.2‰ with a total range of 
5.4‰ and average value of −3.1‰ ± 1.3. The 13Cen(VPDB) values ranged from −11.8‰ to −3.4‰ 
with a total range of 8.4‰ and mean of −7.6 ± 2.0‰. The distribution of 18Oen (VPDB) are shown in 
Figure 41. There was a large cluster of individuals from −4.0‰ to −3.0‰, with additional smaller 
clusters on both the lower and higher end with potential outliers. 
Sovizzo males 18Oen(VPDB) ranged from −4.0‰ to −0.6‰ with a total range of 3.4‰ and 
average value of −2.7‰ ± 1.2. Sovizzo females 18Oen(VPDB) ranged from −5.6‰ to −0.2‰ with a 
total range of 5.4‰ and average value of −3.3‰ ± 1.4. An independent t-test showed no significant 
difference between males and females (t(28)=1.304, p=0.203), or those with and without burial 
goods (t(28)=-0.829, p=0.414). A one-way ANOVA showed no significant difference for burial 
type (F(1,28)=0.395, p=0.678).  
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Figure 41. Histogram of the range of 18Oen (VPDB) values for Sovizzo (−5.6‰ to −0.2‰) 
 
 
 
The range of 18Oen (VPDB) values for Dueville was −6.4‰ to −2.1‰ with a total range of 
4.3‰ and average value of −3.7‰ ± 1.0. The range of 13Cen(VPDB) values was −9.2‰ to −3.3‰ 
with a total range of 5.9‰ and mean of −6.2 ± 1.1‰. The distribution of 18Oen (VPDB) values is 
shown in Figure 42. The values were slightly skewed to the right with a general cluster between 
−5.0‰ to −2.5‰ except for one individual who appeared to be an outlier. Dueville males 
18Oen(VPDB) ranged from −5.2‰ to −2.4‰ with a total range of 2.8‰ and average value of −3.7‰ 
± 0.8. Dueville females 18Oen(VPDB) ranged from −6.4‰ to −2.1‰ with a total range of 4.3‰ and 
average of −3.6‰ ± 1.2. An independent t-test showed no statistically significant differences 
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between males and females at Dueville (t(28)=-0.291, p=0.773). Dueville did not have descriptions 
of burial goods to use for statistical analyses.  
When comparing both sites, Sovizzo and Dueville had some slight variation in their range 
of values, with Dueville exhibiting lower 18Oen(VPDB) values overall (Table 7). However, an 
independent t-test showed no statistically significant differences between the mean values of both 
sites (t(58)=2.004, p=0.05). When looking at sex, a one-way ANOVA showed significant 
differences in male values between Dueville and Sovizzo (F(1,28)=6.778, p=0.015) (Dueville was 
1‰ lower), but no significant differences between females (F(1,28)=0.255, p=0.617) (Table 8).  
 
 
 
 
Figure 42. Histogram of the range of 18Oen (VPDB) values for Dueville (−6.4‰ to −2.1‰) 
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Table 8. 18O descriptive statistics by sex for Sovizzo and Dueville 
  Sovizzo   Dueville 
18Oen(VPDB) Males Females   Males Females 
Mean -2.7 -3.3   -3.7 -3.6 
SD 1.2 1.4   0.8 1.2 
Min -0.6 -0.2   -2.4 -2.1 
Max -4.0 -5.6   -5.2 -6.4 
Range 4.0 5.4   2.8 4.3 
 
 
 
 
Since there were no significant differences in mean values between Dueville and Sovizzo, 
individuals from both sites were combined to establish a local range for Vicenza and determine 
any statistical outliers. The range of 18Oen(VPDB) values for the Vicenza region was −6.4‰ to 
−0.2‰, with a total range of 6.2‰ and mean of −3.4‰ ± 1.2 (Figure 43). To determine a local 
range, the interquartile range (IQR) method was used, which produced a 18Oen(VPDB) range of 
−6.4‰ to −0.4‰. This resulted in the identification of three outliers; two individuals from Sovizzo 
(ID 147, 207) and one from Dueville (ID 528). These outliers are represented in the boxplot in 
Figure 44, which are clearly separated from the central distribution of the data.  
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Figure 43. Vicenza 18Oen(VPDB) distribution range −6.4‰ to −0.2‰ 
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Figure 44. IQR boxplot for Sovizzo (ID 147, 207) and Dueville (ID 528) showing 18Oen(VPDB) 
outliers 
 
 
 
9.1.2.1 Drinking Water 
The sites of Sovizzo and Dueville were located near Vicenza, which has a yearly average 
isotope precipitation range of −8‰ to −7‰ VSMOW, with an average value of −7.2‰ VSMOW, 
and an estimated range of −8‰ to −6‰ VSMOW. For Sovizzo, the converted 18Odw(VSMOW) values 
ranged from −8.9‰ to −0.5‰ with a total range of 8.4‰ and average value of −5.0‰ ± 2.0, which 
was higher than the expected range for the region. The scatterplot in Figure 45 shows the expected 
18Odw(VSMOW) local range for Vicenza and potential range for the Veneto. The two individuals 
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reported as outliers for the IQR method are filled in. In addition, one individual had a 
18Odw(VSMOW) value of −8.9‰ (bottom right), close to the lowest end of the range.  
 
 
Figure 45. Sovizzo oxygen drinking water values. Dashed line is the range for the Veneto −9‰ 
to −5‰, and the solid line is the local range for Vicenza −8‰ to −6‰. IQR outliers (ID 147, ID 
207) are filled in. 
 
 
For Dueville, the range of 18Odw(VSMOW) values was −10.2‰ to −3.5‰ with a total range 
of 6.7‰ and an average value of −5.9‰ ± 1.6, which was higher than the expected range for the 
region. Interestingly, Figure 46 shows 18 individuals fall outside of the Vicenza range, but only 
10 are outside of the Veneto range. Therefore, 33% of the sample have nonlocal 18Odw(VSMOW) 
values when compared to estimates from modern precipitation. The individual reported as an 
outlier using the IQR method is filled in. 
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Figure 46. Dueville oxygen drinking water values. Dashed line is the range for the Veneto −9‰ 
to −5‰, and solid line is the local range for Vicenza −8‰ to −6‰. IQR outlier (ID 528) is filled 
in. 
 
There were discrepancies between the 18Oen(VPDB) and 
18Odw(VSMOW) distributions in terms 
of non-local individuals. The 18Oen(VPDB) statistical range only presented three individuals as 
outliers, however, the 18Odw(VSMOW) range (−9.0‰ to −5.0‰) produced more non-local 
individuals, including those within the central distribution (Figure 47). This could be due to error 
associated with regression equations, variation in climate, food preparation techniques (boiling 
water and drinking brewed liquids can raise the value), or this could be indicative of some regional 
immigrants. According to these results, 22 out of 60 individuals, or 37% of the sample from 
Vicenza were non-local individuals. 
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Figure 47. Vicenza drinking water distribution, dashed line is the Veneto drinking water range 
−9‰ to −5‰, and solid line is the Vicenza drinking water range −8‰ to −6‰, 
 
9.1.3 Locals and Non-locals 
9.1.3.1 IQR Outliers 
 Based on the reported 18Oen(VPDB) results, a total of three individuals from both sites were 
statistically identified as outliers from the IQR method, which are presented in Table 9. Two of 
the individuals were female and one was male, and two could be aged as young adults. The two 
individuals from Sovizzo (ID 147, 207) had higher 18Oen(VPDB) values and no associated burial 
Vicenza 
18Odw(VSMOW) 
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goods. The individual from Dueville was a young adult, though burial good association is 
unknown. 
 
Table 9. IQR identified non-locals from Sovizzo and Dueville 
Site ID Sex Age 13Cap‰ 
VPDB 
18Oen‰ 
VPDB 
18Oen‰ 
VSMOW 
18Op‰ 
VSMOW 
18Odw‰ 
VSMOW 
Sovizzo 147 F Adult -11.8 
 
-0.2 30.7 21.5 -0.5 
Sovizzo 207 M 20-34 -5.5 
 
-0.6 30.2 
 
21.1 -1.2 
Dueville 528 F 20-34 -5.1 
 
-6.4 24.3 15.3 -10.2 
 
 
 
9.1.3.2 Drinking Water Outliers 
The individuals from Sovizzo with non-local drinking water values are presented in Table 
10, and Dueville is presented in Table 11. Eight individuals were male and four female, suggesting 
a slight skew in non-local males. In addition, only two individuals (ID 288, and 294) contained 
burial goods (bone combs). The range of 18Odw(VSMOW) was −4.8‰ to −0.5‰ with an average of 
−2.9‰ ± 1.3. Comparing 18Odw(VSMOW) with 13Cen(VPDB) data can further explore non-local 
individuals through potential dietary variation. In Figure 48, the 13Cen(VPDB) values cluster 
between −8.0‰ to −5.0‰, with six of the non-local individuals falling outside of this range. Six 
individuals with high 18Odw(VSMOW) values had low 13Cen(VPDB) values, and one individual with a 
low 18Odw(VSMOW) and 13Cen(VPDB) value. Two individuals fell right outside of the 
18Odw(VSMOW) 
range, with 13Cen(VPDB) values closer to the main cluster, which may suggest they could be from a 
nearby region.  
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Table 10. Sovizzo drinking water non-local individuals (IQR outliers designated by *) 
ID Sex Age 13Cen‰ 
VPDB 
18Oen‰ 
VPDB 
18Oen‰ 
VSMOW
18Odw‰ 
VSMOW 
*147 F Adult -11.8 -0.2 30.7 -0.5 
150 M 35-50 -10.3 -1.8 29.0 -3.1 
188 F 20-34 -8.6 -2.9 27.9 -4.8 
196 M 20-34 -9.9 -2.3 28.5 -3.8 
*207 M 20-34 -5.5 -0.6 30.2 -1.2 
208 M Adult -6.4 -1.2 29.6 -2.2 
233 M 20-34 -8.7 -2.9 27.9 -4.8 
246 F Adult -3.4 -1.5 29.3 -2.6 
288 M Adult -11.0 -2.0 28.8 -3.4 
294 F 20-34 -11.1 -1.5 29.3 -2.6 
299 M Adult -6.3 -2.0 28.8 -3.4 
318 M Adult -9.7 -1.4 29.4 -2.4 
 
 
 
Table 11. Dueville drinking water non-local individuals (IQR outliers designated by *) 
ID Sex Age 13Cen‰ 
VPDB 
18Oen‰ 
VPDB 
18Oen‰ 
VSMOW
18Odw‰ 
VSMOW 
385 F 50+ -5.6 -2.5 28.3 -4.1 
393 M Adult -6.4 -2.8 28.0 -4.6 
397 M Adult -6.1 -2.8 28.0 -4.6 
409 F Adult -5.3 -2.6 28.2 -4.2 
464 F 50+ -5.9 -2.1 28.7 -3.5 
511 M Adult -6.5 -2.4 28.4 -3.9 
515 F Adult -8.5 -2.1 28.7 -3.5 
522 F 35-50 -6.9 -2.8 28.0 -4.6 
*528 F 20-34 -5.1 -6.4 24.3 -10.2 
545 M adult -6.6 -2.8 28.0 -4.6 
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The range of the 18Odw(VSMOW) values was −10.2‰ to −3.5‰ with an average of −4.8‰ ± 
2.0, which was lower than the results from Sovizzo. The individuals between −4.6‰ and −3.5‰ 
had 18Odw(VSMOW) values that may represent coastal areas of Italy and may suggest 
Byzantine/Roman migrants from the coast. For Dueville, there was more of a distinct 13Cen(VPDB) 
cluster than Sovizzo, with individuals ranging from −7.0‰ to −5.0‰ (Figure 49). Most of the 
individuals considered non-local with higher oxygen values fell within the general cluster of those 
considered local, which may suggest more regional migrants consuming similar food. There was 
one individual who had a lower 18Odw(VSMOW) value and low 13Cen(VPDB) value. Dietary isotopes 
will be explored further in the next section. 
 
 
Figure 48. Oxygen and carbon apatite for Sovizzo. Dashed line is the drinking water range for 
the Veneto −9‰ to −5‰, and the dotted line is the cluster of apatite values −8.0‰ to −5.0‰. 
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Figure 49. Oxygen and carbon apatite for Dueville. Dashed line is the drinking water range for 
the Veneto −9‰ to −5‰, and the dotted line is the cluster of apatite values −7.0‰ to −5.0‰. 
 
9.1.4 Bone  
 Bone apatite is more prone to diagenetic alterations than enamel, and although pre-
treatment protocols were used to remove possible contaminants, oxygen stable isotopes from bone 
still need to be interpreted with caution (Iacumin et al. 1996). The results for oxygen stable isotopes 
for bone apatite are presented from the individuals sampled from Sovizzo and Dueville (Vicenza 
region) (n=100), with comparative samples from Rovigo (n=30) and Verona (n=20) (Appendix 
B). The isotope values were not normally distributed so nonparametric tests were used for 
statistical comparisons. Descriptive statistics for 18Oap(VPDB) are presented in Table 12. 
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Table 12. Descriptive statistics for 18Oap(VPDB) for each site from the Veneto and geographic 
region. 
 
Site n Mean SD Mdn Min Max 
Sovizzo 50 -4.2 0.7 -4.4 -5.1 -2.5 
Dueville 50 -3.8 0.9 -4.2 -5.4 -2.1 
Bardolino 7 -3.3 0.4 -3.4 -3.8 -2.7 
Desmontà 6 -3.7 1.0 -3.9 -5.1 -2.7 
Peschiera 7 -3.4 0.9 -3.8 -4.3 -2.0 
S. Basilio 23 -3.3 0.6 -3.4 -4.8 -1.5 
Riformati 6 -2.1 0.9 -2.1 -3.4 -0.9 
Vicenza 100 -4.0 0.8 -4.3 -5.4 -2.1 
Verona 20 -3.5 0.8 -3.5 -5.1 -2.0 
Rovigo 30 -3.0 0.8 -3.3 -4.8 -0.9 
 
 
The sites were combined into their respective geographic regions for comparison, due to 
small sample sizes. The 18Oap(VPDB) values for Vicenza (Sovizzo and Dueville) ranged from 
−5.4‰ to −2.1‰, with a total range of 3.3‰ and average of −4.0‰ ± 0.8. Values for Verona 
(Bardolino, Desmontà, Peschiera) ranged from −5.1‰ to −2.0‰ with a total range of 3.1‰ and 
average of −3.5‰ ± 0.8. Values for Rovigo (S. Basilio, Riformati St.) ranged from −4.8‰ to 
−0.9‰ with a total range of 3.9‰ and average of −3.0‰ ± 0.8. A Kruskal-Wallis test showed 
there were significant differences in 18Oap(VPDB) values for geographic region (
2(2, 
N=149)=27.153, p<0.001). A pairwise comparison showed Vicenza was significantly different 
from Verona (p=0.240) and Rovigo (p<.001).  
Sites classified as Langobard (Sovizzo, Dueville, and Bardolino) ranged from −5.4‰ 
to−2.1‰ with a total range of 3.3‰ and average of −4.0‰ ± 0.8, while Roman/Byzantine 
(Desmontà, Peschiera, S. Basilio, and Riformati St.) ranged from −5.1‰ to −2.0‰ with a total 
range of 3.1‰ and average of −3.5‰ ± 0.8. A Mann-Whitney U test showed the Langobard 
(n=107, Mdn=−4.2‰) and Roman/Byzantine (n=42, Mdn=−3.3‰) sites had significant 
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differences in values (U=3136.50, p<0.001). The IQR range for 18Oap(VPDB) from Vicenza was 
−6.6‰ to −1.3‰, Verona was −5.7‰ to −0.9‰, and Rovigo was −5.3‰ to −0.8‰. No statistical 
outliers were identified. 
 For the entire Veneto sample, computed bone 18Odw(VSMOW) values ranged from −8.7‰ to 
−1.6‰, with a total range of 7.1‰ and mean of −6.0‰ ± 1.4. By region, Vicenza ranged from 
−8.7‰ to −3.9‰ with a total range of 4.8‰ and mean of −6.7‰ ± 1.2; Verona ranged from −8.2‰ 
to −3.4‰ with a total range of 4.8‰ and mean of −5.6‰ ± 1.2; Rovigo ranged from −7.7‰ to 
−1.6‰ with a total range of 6.1‰ and mean of −4.9‰ ± 1.3. Sites classified as Langobard 
(Sovizzo, Dueville, and Bardolino) ranged from −8.7‰ to −3.9‰ with a total range of 4.8‰ and 
mean of −6.6‰ ± 1.2, while those that were Roman/Byzantine (Desmontà, Peschiera, S. Basilio, 
and Riformati St.) ranged from −8.2‰ to −1.6‰ with a total range of 6.6‰ and mean of −5.1‰ 
± 1.3.  
The estimated 18Odw(VSMOW) range for the Veneto was −9.0‰ to −5.0‰. For Vicenza, the 
range of 18Odw(VSMOW) was −8.0‰ to −6.0‰, which the average values for Dueville (−6.8 ± 1.2) 
and Sovizzo (−6.6‰ ± 1.2) fell within. Verona had the same range of 18Odw(VSMOW) as Vicenza, 
however average values from all sites were higher than the expected range for the area: Bardolino 
−5.3‰ ± 0.6; Desmontà −5.7‰ ± 1.5; and Peschiera −5.5‰ ± 1.4, although they fit within the 
general 18Odw(VSMOW) range for the Veneto. For Rovigo, 
18Odw(VSMOW) values ranged from −7.0‰ 
to −5.0‰, which average values of S. Basilio fell within (−5.3‰ ± 1.0); however, Riformati St. 
had higher values (−3.4‰ ± 1.4). In the total sample, 40/150 (27%) of individuals showed higher 
drinking water values (Figure 50). These individuals may have migrated within the last 10 years 
or so into the region from the coast. 
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Figure 50. Bone 18Odw(VSMOW) values for all sites in Vicenza. Dashed line is the drinking water 
range for the Veneto −9‰ to −5‰. 
 
 
9.1.5 Individual Comparisons of Enamel and Bone  
 Previous analyses for Sovizzo and Dueville showed no statistically significant differences 
in enamel values between males and females. For their respective bone values, there were also no 
statistically significant differences between males and females for Sovizzo (males n=25, 
Mdn=−4.1‰ and females n=25, Mdn=−4.5‰) (U=80.000, p=0.187) and Dueville (males n=25, 
Mdn=−4.3‰ and females n=25, Mdn=−4.3‰) (U=114.000, p=.967). However, a Wilcoxon 
Signed Ranks test showed there were significant differences in individual enamel (n=30, 
Mdn=−3.4‰) and bone (n=30, Mdn=−4.4‰) 18Oap(VPDB) values at Sovizzo (Z=3.932, p<.001). 
Males showed significant differences in their individual enamel (n=15, Mdn=−2.9‰) and bone 
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(n=15, Mdn=−4.1‰) values (Z=−3.071, p=0.002). In addition, females showed significant 
differences in their individual enamel (n=15, Mdn=−3.4‰) and bone (n=15, Mdn=−4.5‰) values 
(Z=−2.529, p= 0.011) (enamel was higher for males and females). Dueville also showed significant 
differences between enamel (n=30, Mdn=−3.6‰) and bone (n=30, Mdn=−4.3‰) values (Z=-
3.263, p=.001). Dueville males showed significant differences in individual enamel (n=15, 
Mdn=−3.8‰) and bone (n=15, Mdn=−4.3‰) values (Z=−2.702, p=.007). In addition, females 
showed significant differences in their individual enamel (n=15, Mdn=−3.5‰) and bone (n=15, 
Mdn=−4.3‰) values (Z=-2.017, p=0.044). Figures 51-52 display the converted enamel and bone 
drinking water values for Sovizzo and Dueville. 
       
 
Figure 51. Sovizzo 18Odw(VPDB) values for enamel and bone. Dashed line is the range for the 
Veneto −9‰ to −5‰, and solid line is the local range for Vicenza −8‰ to −6‰ 
-10.0
-9.0
-8.0
-7.0
-6.0
-5.0
-4.0
-3.0
-2.0
-1.0
0.0
1
3
5
1
4
7
1
5
0
1
5
2
1
8
8
1
9
0
1
9
3
1
9
5
1
9
6
2
0
7
2
0
8
2
2
4
2
2
8
2
3
3
2
4
0
2
4
6
2
4
7
2
4
8
2
5
2
2
5
3
2
5
5
2
5
7
2
6
7
2
8
6
2
8
8
2
9
3
2
9
4
2
9
9
3
1
8
3
2
9

1
8
O
d
w
(V
S
M
O
W
) 
Burial ID
Sovizzo Enamel and Bone Drinking Water 
Enamel
Bone
199 
 
 
Figure 52. Dueville 18Odw(VPDB) values for enamel and bone. Dashed line is the range for the 
Veneto −9‰ to −5‰, and solid line is the local range for Vicenza −8‰ to −6‰ 
 
 
9.1.6 Summary of Oxygen Isotope Data 
 The 18Odw(VSMOW) values in this study were higher than expected, as the teeth selected for 
use were beyond weaning years and unaffected by breastfeeding. However, dairying did increase 
during the early medieval period, perhaps reproducing a similar effect to breastfeeding. Sheep and 
cow milk have been shown to increase values by 2-4‰ (Brettell et al. 2012; Fricke and O’Neil 
1996). In addition, boiling was a common dietary practice during the Roman and Early Medieval 
period, which could produce an increase of 1.1‰; however, the 18Odw(VSMOW) values observed in 
this study were still higher than expected given that margin. Thus, they were more indicative of 
individuals from the coasts of Italy, Greece, and North Africa, suggesting these individuals may 
have been internal Roman/Byzantine refugees from within other regions of the Byzantine Empire. 
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The 18Odw(VSMOW) tooth values from 60 individuals from Vicenza suggest that there were only 
two individuals that had isotopic drinking water values that could have come from the migrating 
Langobards from the east (−8.9‰ and −10.2‰). Therefore, the isotopic values suggest that first 
generation Langobard migrants were not represented in the sample. 
 
9.2 Diet 
The results for 13Cco, 
15N, and 13Cap from bone and enamel for faunal and human data 
are presented in the following sections. For collagen, the C:N and % collagen yield are included 
as reliability indicators of the measurements. 13Cap for bone and enamel, in addition to ∆ 
13Cap-co 
for bone and ∆ 13Cap (bone-enamel) are also included. Nonparametric tests (Kruskal-Wallis test, 
Mann-Whitney U test, Wilcoxon Signed Rank test) were used due to small sample sizes, unequal 
variances, and a lack of a normal distribution of the data.  
 
9.2.1 Faunal Results 
 This section provides the individual faunal values (Table 13) and descriptive statistics 
(Table 14) used to construct a local baseline for the Veneto. These values are visually plotted in 
Figures 53-54. Cow and pig samples were tested for differences between time period and 
geographic region to determine if they could be pooled based on animal species. There were no 
significant differences between 13Cco, 
15N, or 13Cap based on time period or geographic region 
for cow or pig, so they were pooled together. 
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Table 13. Faunal 13Cco, 
15N, 13Cap bone isotopic values 
Fauna 13Cco ‰ 
VPDB 
15N ‰ 
AIR 
13Cap ‰ 
VPDB 
C:N %Yield 
Dueville Cow -14.4 8.1 -6.9 3.3 9.7 
Dueville Cow -16.1 10.4 -9.2 3.4 6.5 
Sovizzo Cow -14.9 9.9 -9.4 3.2 7.9 
Sovizzo Cow -20.5 4.2 -11.6 3.6 0.2 
S. Basilio Cow -19.0 6.9 -10.8 3.7 2.5 
Riformati Cow -19.0 10.1 -10.3 3.5 5.6 
S. Basilio Sheep/Goat -18.8 9.2 -11.7 3.2 3.1 
Riformati Sheep/Goat -21.0 9.7 -12.5 3.6 7.0 
Riformati Bird -15.7 10.3 -9.8 3.2 10.9 
Riformati Chicken -11.7 7.1 -6.0 3.6 2.3 
S. Basilio Chicken -17.3 8.2 -9.8 3.1 1.6 
Riformati Pig -19.6 9.8 -12.3 3.2 18.7 
Riformati Pig -20.3 5.4 -13.1 3.7 10.3 
Peschiera Pig -18.0 6.8 -10.0 3.3 5.4 
Desmontà Pig -21.9 5.2 -14.1 3.4 0.5 
S. Basilio Pig -22.2 7.4 -12.4 3.5 1.3 
S. Basilio Horse -21.0 6.0 -9.8 3.3 1.4 
Modern Fish (Suacia) River -15.4 10.0 n/a 3.8 - 
Modern Fish (Scardola) River -28.5 4.9 n/a 3.9 - 
Modern Fish (Alborella) River -25.0 13.3 n/a 4.2 - 
Modern Fish (Basa) Lagoon -17.8 12.3 n/a 3.9 - 
Modern Fish (Nono) Lagoon -14.9 11.5 n/a 4.8 - 
S. Basilio Canid -19.6 10.2 -10.3 3.4 2.0 
S. Basilio Beaver -21.5 6.9 -13.4 3.5 0.5 
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Table 14. Faunal descriptive statistics for 13Cco, 
15N, and 13Cap bone isotopes 
   13Cco ‰VPDB 15N ‰AIR 13Cap ‰VPDB 
Animal n Min Max Mean SD Min Max Mean SD Min Max Mean SD 
Cow  6 -20.5 -14.4 -17.3 2.5 4.2 10.4 8.3 1.0 -11.6 -6.9 -9.7 1.6 
Sheep/Goat  2 -21.0 -18.8 -19.9 1.6 9.2 9.7 9.5 0.3 -12.5 -11.7 -12.1 0.4 
Bird/Chicken  3 -17.3 -11.7 -14.9 1.6 7.1 10.3 8.5 0.9 -9.8 -6.0 -8.5 2.2 
Pig  5 -22.2 -18.0 -20.4 0.8 5.2 9.8 6.9 0.8 -14.1 -10.0 -12.4 1.5 
Fish (Rivers) 3 -28.5 -15.4 -23.0 6.8 4.9 13.3 9.4 4.2 n/a n/a n/a n/a 
Fish (Lagoon) 2 -17.8 -14.9 -16.4 2.1 11.5 12.3 11.9 0.6 n/a n/a n/a n/a 
 
 
The faunal data is presented graphically in Figures 53-54 with some interesting variation. 
The cow 13Cco values ranged from −20.5‰ to −14.4‰ with a total range of 6.1‰ and average of 
−17.3‰ ± 2.5; 15N values ranged from 4.2‰ to 10.4‰ with a total range of 6.2‰ and average 
of 8.3‰ ± 1.0, and; 13Cap ranged from −11.6‰ to −6.9‰ with a total range of 4.7‰ and average 
of −9.1‰ ±1.6. Three of the cow samples (all from the Vicenza region) showed contributions from 
C4 plants (
13Cco −14.4‰, −14.9‰, −16.1‰), with 
15N values suggesting the use of manure (8‰-
10‰). This was also seen in the higher 13Cap values in Figure 54. The other three samples (one 
from Vicenza and two from Rovigo) had lower 13Cco values indicative of a C3 diet (−20.5‰, 
−19.0‰, −19.0‰), with the Vicenza cow showing a lower 15N value (4.2‰), and lower 13Cap 
(−11.6‰) typical of a C3 herbivore diet. The Rovigo samples had similar 
15N values as Vicenza, 
suggesting manuring as well. Cow manure was traditionally used for agriculture to improve soil 
quality (Duby 1974; Spurr 1983).  
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Figure 53. Faunal 13Cco and 
15N bone isotope values 
 
 
Figure 54. Faunal 13Cco and 
13Cap bone isotope values 
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This variation suggests possible differences in animal husbandry practices. Transhumance 
of cattle declined by the end of the Roman Empire and into Late Antiquity; however, cattle still 
moved in smaller geographic zones, which may explain differences in C3 and C4 plant consumption 
(MacKinnon 2010). In addition, millet was often used as fodder, and historical records suggest it 
was important in the Po Valley for cattle (Spurr 1983). The other comparative data for cows 
coming from northeastern Italy was from the Bronze Age, with remains from Verona, Udine, and 
Croatia (Tafuri et al. 2018). Data for cows from Verona showed an average 13Cco value of −19.2‰ 
± 1.7 and 15N value of 5.7‰ ± 1.3, indicating a traditional terrestrial C3 diet, which differed from 
the Early Medieval period cow samples from Vicenza. In addition, Iacumin et al. (2014) had cow 
remains in their sample from Cividale with 13Cco values of −19.0‰ and −20.1‰, and 
15N 1.2‰ 
and 3.1‰.  
The pig 13Cco values ranged from −22.2‰ to −18.0‰ with a total range of 4.2‰ and an 
average of −20.4‰ ± 0.8; 15N values ranged from 5.2‰ to 9.8‰ with a total range of 4.6‰ and 
average value of 6.9‰ ±0.8; and 13Cap ranged from −14.1‰ to −10‰ with a total range of 4.1‰ 
and an average of −12.4‰ ± 1.5. The 13Cco and 
13Cap values mostly fit within a C3 plant diet. 
15N values suggest an omnivorous diet; however, they were similar to the cow (herbivore) which 
may suggest it was due to manure (7‰-10‰). Pigs with more herbivorous diets have been 
documented at the Early Medieval site of Cividale del Friuli, and the 1-3rd century AD sites of 
Velia and Isola Sacra in southern Italy (Craig et al. 2009; Iacumin et al. 2014; Prowse et al. 2004). 
Historical sources mention that some pigs fed off bakers and millers excess supplies of bran, and 
others consumed legumes, which may explain the low nitrogen values (MacKinnon 2010; Borstad 
et al. 2018).  
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The two modern fish samples (Suacia and Bavosa) found in the river near the lagoon (or 
in the lagoon itself) had midrange 13Cco values (−17.8‰ to −14.9‰) suggesting that part of their 
life may have been upstream or near the salt water of the lagoon. Two riverine fish (Scardola and 
Alborella) had freshwater 13Cco values (−28.5‰ and −25.0‰), while another riverine fish 
(Suacia) had a high 13Cco value (−15.4‰) similar to salt water values. The Scardola fish had a 
low 15N value suggesting it was a lower trophic level fish (4.9‰).  
The bird and chicken from Riformati St. had 13Cco values indicative of the direct 
consumption of C4 resources (−11.7‰, −15.7‰) with 
15N levels suggesting either the 
consumption of human scraps or a manuring effect (7.1‰ and 10.3‰), and 13Cap values midrange 
(−9.8‰) and very high (−6.0‰). The chicken from S. Basilio had a slightly lower 13Cco value 
(−17.3‰), suggesting a mixed C3/C4 diet. Ancient texts describe millet used as birdseed, so these 
values were expected. The canid (13Cco −19.6‰, 
15N 10.2‰) had a traditional carnivorous diet, 
while the horse and beaver had 13Cco and 
15N values of an herbivore.  
Combining the faunal remains for herbivores results in the following averages: 13Cco 
−17.6‰ ± 3.1, 15N 7.4‰ ± 2.5, 13Cap −10.2‰ ± 2.4. Tafuri et al. (2017) collected reference 
isotopic values for C4 grains, which had a mean 
13Cco of −10.2‰ ± 0.5 and 
15N 3.5‰ ± 1.4. 
Iacumin et al. (2014) measured 13Cap values from C3 and C4 grains found in medieval burials from 
Friuli. The C3 plants (wheat, oats, barley, and rye) produced values of −24.6‰ ± 0.2, and C4 
(foxtail, broom millet) was −10.4‰ ± 0.2. As previously discussed, a +12‰ diet-apatite spacing 
model is more reflective of the actual diet in humans (Harrison and Katzenberg 2003; Tykot et al. 
2009). When applying the +12‰ diet-apatite spacing model (used for this research), a 
predominately C3 diet would produce a 
13Cap value of −12.6‰, and C4 would be +2‰.  
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9.2.2 Human Paleodietary Isotope Results 
 The human results presented in this section are used to answer the following research 
questions: 
1. What was the diet like in northeastern Italy with the Langobard arrival and occupation? 
2. Were there differences in diet between local and non-local individuals? 
3. Was there a change in diet over the course of an individual’s life? 
4. Were there social or sex-based differences in diet? 
5. Was there variation in diet based on geographic location? 
6. Were there differences in diet from Late Antiquity to the Early Medieval period? 
The results presented in this section are organized by geographic region, with the two main 
sites from Vicenza, Sovizzo and Dueville, presented individually, and the smaller sites grouped by 
region. All sites are analyzed together at the end of this section by geographic region and time 
period. Table 15 presents the descriptive statistics for each site for 13Cco, 
15N, and 13Cap. All 
carbon values are reported in VPDB, and 15N as AIR. 
 
Table 15. Human bone descriptive statistics for 13Cco, 
15N, and 13Cap 
   13Cco 15N 13Cap
Site           n Min Max Mean SD Min Max Mean SD Min Max Mean SD 
Sovizzo  50 -17.8 -12.6 -15.5 1.2 7.0 11.2 9.1 0.8 -11.9 -7.1 -9.1 0.9 
Dueville  50 -16.6 -11.9 -14.5 0.8 7.4 9.9 8.5 0.5 -8.9 -5.0 -6.9 0.9 
Bardolino  7 -17.8 -16.7 -17.1 0.4 8.8 9.9 9.3 0.4 -11.6 -7.7 -9.6 1.4 
Peschiera 7 -19.5 -15.1 -17.2 2.0 8.4 10.7 9.9 1.0 -13.1 9.5 -10.6 1.5 
Desmontà 6 -18.5 -14.4 -17.3 1.5 6.9 9.8 8.3 1.2 -12.3 -7.3 -9.9 1.8 
S. Basilio 22 -20.3 -18.6 -19.5 1.1 8.6 12.0 10.7 0.9 -13.9 -10.7 -12.7 0.9 
Riformati St. 6 -17.0 -16.0 -16.6 0.4 9.7 11.5 10.9 0.6 -10.3 -9.0 -9.8 0.5 
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9.2.2.1 Vicenza 
9.2.2.1.1 Sovizzo 
 A total of 50 individuals were sampled for bone collagen and apatite from this site, and 30 
individuals for enamel and dentin from the same sample. Table 16 presents the isotopic values of 
individuals from Sovizzo. The following symbols were used to designate each isotope source 
throughout the results: 13Cap (bone apatite), 
13Cen (enamel apatite), 
15N (bone collagen), and 
15N(dentin) and 
13Cco(dentin) (collagen from tooth root). 
 
Table 16. Human paleodietary stable isotope results for Sovizzo. Anomalous individuals italicized 
and indicated by (*) 
 
ID Sex Age 13Cco 
(‰ VPDB) 
15N 
(‰ AIR) 
C:N % 
Yield 
13Cap 
 
∆13C 
(ap-co) 
13Cen  ∆Cap 
(bone-en) 
135 M 35-50 -15.5 9.1 3.3 1.9 -8.9 6.6 -5.5 -3.4 
143 F Adult -16.8 9.6 3.3 5.1 -10.5 6.3 n/a n/a 
144 M Adult -17.2 8.5 3.3 0.9 -9.5 7.6 n/a n/a 
*147 F Adult -17.1 7.0 3.3 12.4 -9.8 7.3 -11.8 2.0 
150 M 35-50 -17.6 8.3 3.5 0.8 -10.3 7.3 -10.3 0.0 
152 F Adult -16.0 7.8 3.6 2.3 -10.1 5.9 -8.0 -2.1 
176 M Adult -17.8 8.5 3.3 9.3 -10.3 7.5 n/a n/a 
180 F Adult -16.2 9.5 3.3 2.7 -9.7 6.5 n/a n/a 
188 F 20-34 -17.1 9.4 3.7 1.0 -8.9 8.2 -8.6 -0.3 
190 M 20-34 -15.0 10.4 3.6 0.9 -8.7 6.3 -7.4 -1.3 
193 M Adult -16.1 10.5 3.6 0.7 -9.4 6.7 -6.7 -2.7 
195 M Adult -15.7 9.1 3.4 12.6 -9.2 6.5 -7.9 -1.3 
*196 M 20-34 -15.5 11.2 3.3 3.0 -10.1 5.3 -9.9 -0.2 
203 M Adult -16.0 9.1 3.3 3.0 -9.1 7.0 n/a n/a 
205 M 20-34 -14.6 9.1 3.3 12.7 -8.3 6.3 n/a n/a 
207 M 20-34 -15.2 8.9 3.3 4.7 -8.6 6.6 -5.5 -3.1 
208 M Adult -15.7 7.7 3.2 12.5 -9.3 6.4 -6.4 -2.9 
217 F Adult -15.5 8.6 3.2 15.9 -9.3 6.3 n/a n/a 
220 F Adult -15.1 8.7 3.3 12.3 -8.7 6.4 n/a n/a 
221 M 20-34 -14.6 9.4 3.3 5.6 -8.6 6.0 n/a n/a 
223 F Adult -15.1 9.7 3.3 3.7 -8.2 6.9 n/a n/a 
224 F 20-34 -15.7 8.4 3.2 8.6 -8.3 7.5 -6.0 -2.3 
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Table 16 (continued) 
ID Sex Age 13Cco 
(‰ VPDB) 
15N 
(‰ AIR) 
C:N % 
Yield 
13Cap 
 
∆13C 
(ap-co)  
13Cen  ∆Cap 
(bone-en) 
227 F Adult -15.0 9.1 3.2 2.4 -8.2 6.8 n/a n/a 
*228 F Adult -14.1 8.9 3.6 1.1 -7.1 7.0 -6.6 -0.5 
233 M 20-34 -16.2 8.3 3.5 2.9 -9.3 6.9 -8.7 -0.6 
240 F Adult -14.2 8.9 3.5 0.5 -8.5 5.7 -5.4 -3.1 
*246 F Adult -12.6 9.4 3.3 2.7 -7.7 4.9 -3.4 -4.3 
247 F 35-50 -14.4 9.8 3.3 3.0 -8.7 5.7 -8.4 -0.3 
248 M 20-34 -14.3 9.2 3.3 3.0 -7.9 6.3 -6.4 -1.5 
251 M Adult -13.9 9.0 3.3 7.3 -8.7 5.2 n/a n/a 
252 F Adult -14.8 8.4 3.3 5.0 -9.0 5.8 -7.6 -1.4 
253 F Adult -13.7 9.2 3.6 5.2 -8.0 5.7 -7.5 -0.5 
*255 F Adult -12.8 9.6 3.5 2.0 -7.9 4.9 -5.9 -2.0 
257 M Adult -15.7 10.0 3.2 19.7 -8.8 6.9 -5.3 -3.5 
261 M Adult -14.1 9.2 3.5 1.4 -9.9 4.3 n/a n/a 
264 M Adult -16.3 8.4 3.3 15.8 -9.7 6.6 n/a n/a 
267 F 50+ -15.8 8.8 3.3 7.0 -9.2 6.6 -9.8 0.6 
268 F 50+ -16.6 9.0 3.6 2.4 -8.9 7.8 n/a n/a 
274 F 20-34 -15.7 7.5 3.2 12.9 -8.0 7.7 n/a n/a 
286 M Adult -14.9 10.0 3.3 3.4 -8.3 6.7 -7.6 -0.7 
288 M 20-34 -14.2 10.1 3.3 4.7 -10.3 4.0 -11.0 0.7 
293 M Adult -16.2 9.0 3.2 4.4 -8.3 7.9 -7.7 -0.6 
294 F 20-34 -15.3 7.7 3.3 10.8 -10.7 4.6 -11.1 0.4 
299 F 20-34 -17.7 8.3 3.6 2.9 -9.2 8.5 -6.3 -2.9 
300 M Adult -16.6 9.2 3.3 9.0 -9.6 6.9 n/a n/a 
*318 M Adult -15.8 9.3 3.2 16.5 -11.9 3.9 -9.7 -2.2 
*323 M Adult -17.8 10.7 3.3 6.0 -9.1 6.1 n/a n/a 
324 F Adult -15.2 10.2 3.3 4.1 -7.5 7.0 n/a n/a 
329 F Adult -14.5 8.7 3.3 6.7 -8.9 6.8 -6.7 -2.2 
357 F 35-50 -15.7 9.2 3.5 0.6 -9.7 6.0 n/a n/a 
 
 
9.2.2.1.1.1 Bone Isotopes  
 The isotope values are plotted in Figures 55-56 with the faunal values from the previous 
section. The range of isotope values for Sovizzo were as follows: 13Cco was −17.8‰ to −12.6‰ 
with a total range of 5.2‰ and average of −15.5‰ ± 1.2; 15N was 7.0‰ to 11.2‰ with a total 
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range of 4.2‰ and average of 9.1‰ ± 0.8; and 13Cap was −11.9‰ to −7.1‰ with a total range of 
4.8‰ and average of −9.1‰ ± 0.9. The range of 18O values was −5.6‰ to −0.2‰ with a total 
range of 5.4‰ and average value of −3.1‰ ± 1.3. 13Cco values had the largest range, suggesting 
dietary differences preferentially affected 13Cco collagen values, followed by 
13Cap, and 
15N. 
If humans were consuming a diet composed of C3 herbivorous animals and/or milk, there 
should be a ~1‰ enrichment in 13Cco and ~3‰ in 
15N. The average 13Cco and 
15N for Sovizzo 
individuals was −15.5‰ and 9.1‰, whereas herbivores were −17.6‰ and 7.4‰. The individuals 
at Sovizzo were on average 2.1‰ higher for 13Cco from herbivores and 1.7‰ for 
15N. The 
consumption of herbivores alone does not account for the enriched 13Cco data, which suggests the 
incorporation of C4 or marine resources. However, the low enrichment for 
15N suggests the direct 
consumption of C4 resources and legumes, and a low animal protein diet. When comparing values 
just against the faunal remains recovered from Vicenza (cow from Dueville and Sovizzo), average 
13Cco values were −16.5‰ and 
15N 8.2‰ producing an offset of ~1‰ for 13Cco and 0.9‰ for 
nitrogen. This suggests a similarity in diets, with humans possibly consuming legumes to explain 
the low 15N. If comparing just against the pig values, 13Cco had an offset of 4.9‰ and 
15N 2.2‰, 
suggesting possible contributions from pig with the direct consumption of C4 plants.  
To determine if there were any anomalous isotope values, the 2 SD method was used to 
assess the distribution of the isotope data for 13Cco, 
15N and 13Cap. In Figures 55-56 there are 
seven individuals with isotope values that are 2 SD from the mean and stand out as anomalies. 
These individuals included two adult females (ID 246 and 255) for 13Cco (−12.6‰,−12.8‰); one 
adult female (ID 147) and one adult male (ID 323) for 15N (7.0‰, 10.7‰) and a young adult 
male (ID 196) for 15N (11.2‰); one adult female (ID 228) for 13Cap (−7.1‰) and one adult male 
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(ID 318) for 13Cap (−11.9‰). Interestingly, four out of six of these individuals also appeared as 
non-local based on their enamel 18O isotope drinking water values (ID 147, 196, 246, 318).  
 
 
Figure 55. Sovizzo 13Cco and 
15N bone isotope values with fauna. Anomalous individuals are 
shaded and labeled. 
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Figure 56.Sovizzo13Cco and 
13Cap bone isotope values with fauna. Anomalous individuals 
are shaded and labeled. 
 
 
The two individuals with anomalous 13Cco values (−12.6‰ and −12.8‰) had 
15N values 
~2.2‰ higher (9.4‰, 9.6‰) than the fauna, and 13Cap values (−7.7‰ and −7.9‰) that suggest 
the consumption of C4 resources either through direct or indirect (animals consuming C4 as fodder) 
consumption of millet. Another anomalous individual had the lowest 15N value of 7.0‰ (slightly 
lower than herbivore values), with one of the lowest 13Cco values indicative of a mixed C3/C4 
plant diet (−17.1‰), and 13Cap of −9.8‰, suggesting some C4 carbohydrates were consumed. In 
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this case, this 15N value could indicate the consumption of legumes since it was below the average 
faunal value. The other individual had the highest 15N value with a low 13Cco value (−15.5‰, 
11.2‰), which may suggest the incorporation of fish.  
Figure 56 displays the plotted 13Cco and 
13Cap values for Sovizzo. The recorded 
13Cap 
plant isotope values reported earlier suggest an apatite value of −12.6‰ for C3 resources, and 
+2.0‰ for C4 when using the +12‰ spacing model (Harrison and Katzenberg 2003; Tykot et al. 
2009). The average 13Cap value for Sovizzo was −9.1‰, suggesting mixed C3/C4 plant resources 
and/or marine. Since the nitrogen values within the sample were low, it was most likely that the 
lower values were due to the consumption of C4 resources such as millet. Upon further analysis, 
three individuals had 13Cap values of −10‰ or less, indicating a predominately C3 plant 
contribution, while seven individuals were around −8.0‰, suggesting ~50% contribution from C4 
resources.  
The other two anomalous individuals had 13Cap values on the low and high range, as seen 
in Figure 56. An adult female had the highest 13Cap value of −7.1‰, with a high 
13Cco −14.1‰, 
and 15N value of 8.9‰ (1.5‰ enrichment from the faunal remains) suggesting at least 50% of 
dietary protein came from C4 resources. The other individual was an adult male with the lowest 
13Cap value (−11.9‰), and a high 
13Cco value (−15.8‰) and 
15N value of 9.3‰, around a 2.1‰ 
enrichment suggesting a C3 plant and C4 protein diet, possibly with small inclusions of fish.  
When looking at the carbon apatite minus carbon collagen spacing (∆ 13Cap-co), following 
Krueger and Sullivan’s (1984) ranges, 0-2‰ is a marine protein and C3 carb diet, 5-7‰ is 
omnivorous (monoisotopic), and 10-12‰ is terrestrial protein and C4 plants. The average ∆ 
13Cap-
co spacing was 6.4‰, which fits with in a monoisotopic diet. The majority of individuals at Sovizzo 
had <7.0‰, indicating a C4 protein and C3 total diet, which was not surprising given the faunal 
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remains showed evidence of C4 consumption. Thirteen individuals had ∆ 
13Cap-co spacing >7.0‰ 
suggesting more of a C3 protein (~65%) and C4 plant diet (70%). 
 Independent Mann-Whitney U and Kruskal-Wallis tests showed no significant differences 
between sex and age for 13Cco, 
15N, and 13Cap isotope values. In addition, there were no 
significant differences between the presence or absence of burial goods and isotope value, or grave 
good type. When comparing local (n=18) versus the identified non-local (n=12) individuals, there 
were no significant differences for 13Cco and 
15N, but there was for 13Cap (local Mdn=−8.7‰ 
and nonlocal Mdn=−9.6‰) (U=41.500, p= 0.004). In general, the non-local individuals appear to 
have lower 13Cap values suggesting more contributions from C3 resources than C4.  
 
9.2.2.1.1.2 Enamel Isotopes 
13Cen was sampled from 30 individuals as well as their respective bone values which were 
used for the following statistical analyses. The 13Cen ranged from −11.8‰ to −3.4‰ with a total 
range of 8.4‰ and average of −7.6‰ ± 2.0. 13Cap ranged from −11.9‰ to −7.1‰ with a total 
range of 4.8‰ and an average value of −9.1‰ ± 0.9. There was about a 1.5‰ difference between 
average values with enamel exhibiting higher values. A Wilcoxon Signed Ranks test showed there 
were significant differences between individual 13Cen (Mdn=−8.9‰) and 
13Cap (Mdn=−7.6‰) 
values (Z=-3.861, p<0.001), which is displayed in Figure 57.  
Two individuals had 13Cen values 2 SD from the mean (ID 147, 246), one of which had 
the lowest 13Cen value (−11.8‰), which indicates a terrestrial C3 diet, while the other was higher 
(−3.4‰) suggesting C4 or marine resources. The first individual was an adult female, whose 
13Cap 
value was higher (−9.8‰) than enamel, suggesting an increase in C4 contributions in the diet over 
time. The second individual was an adult female with a 13Cap value of −7.7‰, suggesting an 
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increase in C3 contributions to the diet, but still at least 50% C4. These two individuals were 
identified as non-local based on their high 18OVPDB values (−0.2‰, −1.5‰).  
 
 
Figure 57. Plotted enamel and bone 13Cap values for Sovizzo. The four individuals in black 
boxes have higher 13Cap values than 
13Cen. 
 
Two individuals had 13Cap values 2 SD from the mean (ID 228, 318), one of which had 
the lowest value (−11.9‰) suggesting a predominately C3 diet, and the other a higher value 
(−7.1‰) suggesting a mixed C3/C4 diet. The first individual was an adult male whose 
13Cen value 
was −9.7‰, suggesting an increase in C3 resources over time, while the second was an adult female 
whose 13Cen value was −6.6‰, also suggesting a slight increase in C3 (this individual was also 
considered non-local with a 18OVPDB value of −1.4‰). 
As previously reported, there were significant difference between 13Cap values amongst 
local (n=18) and non-local (n=12) individuals; however, a Mann-Whitney U test showed there 
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were no significant differences between 13Cen values (local Mdn=−7.1‰ and nonlocal 
Mdn=−9.2‰) (U=62.000, p=.053). When looking at local individuals, a Wilcoxon Signed Ranks 
test showed there were significant differences between 13Cen (Mdn=-7.1‰) and 
13Cap 
(Mdn=−8.7‰) (Z=-3.529, p<0.001), which could suggest a shift in dietary practices in the area. 
There was no significant difference in non-local individuals between 13Cen (Mdn=−9.2‰) and 
13Cap (Mdn=−9.6‰) (Z=-1.690, p=0.091). In Figure 57, four individuals had more enriched 
13Cap values than 
13Cen, suggesting the incorporation of C4 resources in the diet over time. Three 
of these individuals were classified as nonlocal based on 18Oen values. There were about nine 
individuals who did not show significant changes in their 13Cen and 
13Cap values, and around 17 
who showed an increase in C3 contributions over time. Mann-Whitney U tests showed there were 
no significant differences in 13Cen values for sex (males n=15, Mdn=−7.4‰ and females n=15, 
Mdn=−7.6‰) (U=108.000, p=0.870), presence (n=10, Mdn=−7.6‰) or absence (n=20, 
Mdn=−7.2‰) of burial goods (U=108.000, p=0.746), burial type (2(2, N=30)=0.740, p=0.691), 
or age (2(3, N=30)=2.094, p=0.553). 
 
9.2.2.1.1.3 Dentin Isotopes 
Dentin was sampled from the tooth root of the same individuals as enamel to reconstruct 
early diet. The 13Cco(dentin) and 
15N(dentin) values are presented in Table 17 and visually plotted in 
Figures 58-59. The 13Cco(dentin) ranged from −19.3‰ to −13.0‰ with a total range of 6.3‰ and 
average of –15.6‰ ± 1.5; 15N(dentin) was 7.5‰ to 12.0‰ with a total range of 4.5‰ and average 
of 9.5‰ ± 1.2. The 13Cco for bone ranged from −17.7‰ to −12.6‰ with a range of 5.1‰ and 
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average value of −15.3‰ ± 1.2; 15N is 7.0‰ to 11.2‰ with a total range of 4.2‰ and average 
value of 9.0‰ ± 0.9.  
 
Table 17. Root dentin, bone, and enamel isotope values. Anomalous individuals are italicized and 
indicated by (*) 
 
ID Sex Age 13Cco 
(‰ VPDB) 
15N 
(‰ AIR) 
13Cco 
(Dentin) 
15N 
(Dentin) 
13Cap  13Cen ∆13Cap-co 
(en-dentin) 
135 M 35-50 -15.5 9.1 -15.7 8.1 -8.9 -5.5 10.2 
*147 F Adult  -17.1 7.0 -19.3 9.5 -9.8 -11.8 7.5 
150 M 35-50 -17.6 8.3 -18.4 8.3 -10.3 -10.3 8.1 
152 F Adult  -16.0 7.8 -17.0 7.8 -10.1 -8.0 9.0 
188 F 20-34 -17.1 9.4 -15.9 9.3 -8.9 -8.6 7.3 
190 M 20-34 -15.0 10.4 -14.5 10.6 -8.7 -7.4 7.1 
193 M Adult  -16.1 10.5 -15.7 10.5 -9.4 -6.7 9.0 
195 M Adult  -15.7 9.1 -15.8 9.6 -9.2 -7.9 7.9 
196 M 20-34 -15.5 11.2 -16.2 11.4 -10.1 -9.9 6.3 
207 M 20-34 -15.2 8.9 -15.4 9.7 -8.6 -5.5 9.9 
208 M Adult  -15.7 7.7 -15.3 8.5 -9.3 -6.4 8.9 
224 F 20-34 -15.7 8.4 -14.3 9.0 -8.3 -6.0 8.3 
228 F Adult  -14.1 8.9 -14.4 9.7 -7.1 -6.6 7.8 
233 M 20-34 -16.2 8.3 -16.2 8.5 -9.3 -8.7 7.5 
240 F Adult  -14.2 8.9 -13.5 9.5 -8.5 -5.4 8.1 
246 F Adult  -12.6 9.4 -14.0 11.2 -7.7 -3.4 10.6 
247 F 35-50 -14.4 9.8 -16.0 11.4 -8.7 -8.4 7.6 
248 M 20-34 -14.3 9.2 -13.0 9.7 -7.9 -6.4 6.6 
252 F Adult  -14.8 8.4 -15.1 9.2 -9.0 -7.6 7.5 
253 F Adult  -13.7 9.2 -15.5 9.8 -8.0 -7.5 8.0 
255 F Adult  -12.8 9.6 -13.1 10.3 -7.9 -5.9 7.2 
257 M Adult  -15.7 10.0 -13.3 9.6 -8.8 -5.3 8.0 
267 F 50+ -15.8 8.8 -17.7 7.8 -9.2 -9.8 7.9 
286 M 20-34 -14.9 10.0 -14.9 10.0 -8.3 -7.6 7.3 
288 M Adult  -14.2 10.1 -17.3 7.5 -10.3 -11.0 6.3 
293 F 20-34 -16.2 9.0 -15.1 8.6 -8.3 -7.7 7.4 
294 F 20-34 -15.3 7.7 -17.1 8.5 -10.7 -11.1 6.0 
299 M Adult  -17.7 8.3 -15.0 9.1 -9.2 -6.3 8.7 
318 M Adult  -15.8 9.3 -16.7 11.5 -11.9 -9.7 7.0 
*329 F 35-50 -14.5 8.7 -17.3 12.0 -8.9 -6.7 10.6 
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Two individuals had values that were 2 SD from the mean (Figure 58). The first individual 
was an adult female (ID 147) with an anomalous 13Cco(dentin) value of −19.3‰. This individual 
also had a 13Cen value 2 SD from the mean (−11.8‰) (Figure 59) and had a 
15N(dentin) value of 
9.5‰, suggesting an early diet of predominately C3 terrestrial plants and animals. The bone values 
became more enriched in 13Cco (−17.1‰), with a lower 
15N value 7.0‰ and overall 
13Cap value 
(−9.8‰) which suggests a shift to C4 plants and a reduction in animal protein. The second 
individual (ID 329) was an adult female who had an unusually high 15N(dentin) value (12.0‰) with 
a lower 13Cco(dentin) value (−17.3‰), and lower 
13Cen value (−6.7‰). These values suggest an 
early consumption of marine resources. The bone values of this individual indicate a change in 
dietary resources, with a 13Cco value of −14.5‰, 
15N of 8.7‰, and 13Cap value of −8.9‰, 
suggesting the incorporation of C4 resources.  
 
 
Figure 58. Sovizzo plotted 13Cco and 
15N values for bone and dentin (tooth root). Anomalous 
individuals are shaded and labeled. 
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Figure 59. Sovizzo plotted 13Cco and 
13Cap for bone collagen and apatite, and dentin (tooth 
root) and enamel. Anomalous individual is shaded and labeled. 
 
When looking at ∆ 13Cap-co (enamel-dentin), the average value was 8.0‰, ~2.0‰ higher than 
bone values (6.4‰). Three individuals had values >10.0‰ suggesting a C3 protein with C4 plant 
diet, and five individuals had values <7.0‰, suggesting a monoisotopic diet of C4 protein and C3 
total diet. The remaining individuals were between 7.0‰ and 10.0‰.  
A Wilcoxon Signed Ranks test showed there were no significant differences between 
13Cco(bone) (n=30, Mdn=−15.5‰) and 
13Cco(dentin) (n=30, Mdn=−15.6‰) (Z=−1.162, p=0.245), 
but there were significant differences between 15N(bone) (n=30, Mdn=9.1‰) and 
15N(dentin) (n=30, 
Mdn=9.6‰) (Z=-2.532, p=0.011). Average 15N(dentin) values were higher (9.5‰), compared with 
15N(bone) (9.0‰), with an enrichment from the faunal average value of ~2.1‰, which suggests 
individuals were consuming more animal protein earlier in life. The teeth chosen for this research 
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(premolars) begin root formation around age five; therefore, these values were not due to 
breastfeeding. Figure 60 shows the plotted bone and dentinvalues for 15N. There were five 
individuals whose bone values were higher than their dentin values, suggesting an increase in 
trophic level consumption. The two individuals with anomalous dentin values (ID 147, 329) 
showed the biggest differences between dentin and bone, with a significant decrease in 15N 
values.  
 
 
Figure 60. Plotted dentin (tooth root) and bone 15N values for Sovizzo. The five individuals in 
black boxes have higher 15N(bone) values than 
15N(dentin). 
 
For sex, Mann-Whitney U tests showed no significant differences in 13Cco(dentin) (males 
n=15, Mdn=−15.7‰ and females n=15, Mdn=−15.5‰) (U=110.500, p=0.935) and 15N(dentin) 
values (males n=15, Mdn=9.2‰ and females n=15, Mdn=9.5‰) (U=111.500, p=0.967). There 
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were no significant differences between male 13Cco(bone) (n=15, Mdn=−15.7‰) and 
13Cco(dentin) 
(n=15, Mdn=−15.7‰) values (Z=-0.175, p=0.861) or 15N(bone) (n=15, Mdn=9.2‰) and 
15N(dentin) 
(n=15, Mdn=9.6‰) values (Z=-1.023, p=0.306). However, there were significant differences for 
female 15N(bone) (n=15, Mdn=8.9‰) and 
15N(dentin) values (n=15, Mdn=9.5‰) (Z=2.485, 
p=0.013), though no significant difference for 13Cco(bone) (n=15, Mdn=−14.8‰) or 
13Cco(dentin) 
(n=15, Mdn=−15.5‰) (Z=1.962, p=0.050) (Figure 61).  
 
 
Figure 61. Plotted dentin (tooth root) and bone 15N values for Sovizzo females. The two 
individuals in black boxes have higher 15N(dentin) values than 
15N(bone). 
 
This significant difference for females was not surprising since the two anomalous 
individuals for 15N were female, and the data show a decrease in nitrogen values over time. Mann-
Whitney U tests showed there were no significant differences in 13Cco(dentin) values for presence 
(n=18, Mdn=−15.6‰) or absence (n=12, Mdn=−15.6‰) of burial goods (U=103.000, p=0.914) 
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or 15N(dentin) values for presence (n=18, Mdn=9.2‰) or absence (n=18, Mdn=9.6‰) (U=120.500, 
p=0.373). A Kruskal-Wallis test showed there were no significant differences in 13Cco(dentin) (
2(1, 
N=18) =0.045, p=0.831) or 15N(dentin) (
2(1, N=18) =2.227, p=0.136) for burial good type. Finally, 
there were no significant differences in 13Cco(dentin) (
2(3, N=30) =5.862, p=0.119) or 15N(dentin) 
(2(3, N=30) =2.289, p=0.515) for age. 
 
9.2.2.1.2 Dueville 
 A total of 50 individuals from this site were sampled for bone collagen and apatite, and 30 
individuals for enamel and dentin from the same sample. Table 18 presents the isotopic values of 
individuals from Dueville. 
 
9.2.2.1.2.1. Bone Isotopes 
 The isotope values are plotted in Figures 62-63 with the faunal values. The range of isotope 
values for Dueville was as follows: 13Cco was –16.6‰ to −11.9‰ with a total range of 4.7‰ and 
average of −14.5‰ ± 0.8; 15N ranged from 7.4‰ to 9.9‰ with a total range of 2.5‰ and average 
of 8.5‰ ± 0.5; and 13Cap ranged from −8.9‰ to −5.0‰ with a total range of 3.9‰ and average 
of −6.9‰ ± 0.9. The range of 18O values was –6.4‰ to −2.1‰ with a total range of 4.3‰ and 
average value of –3.7‰ ± 1.0. 13Cco values had the largest range, followed by 
13Cap, and 
15N. 
The average 13Cco and 
15N values for Dueville were –14.5‰ and 8.5‰, whereas 
herbivores were −17.6‰ and 7.4‰. The individuals at Dueville were on average 3.1‰ higher for 
13Cco from herbivores and 1.1‰ for 
15N. As with Sovizzo, the consumption of herbivores clearly 
does not account for the enriched 13Cco data, which suggests the incorporation of C4 or marine 
resources. In addition, the low enrichment for 15N suggests the direct consumption of C4 resources 
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and legumes, as with Sovizzo, with a very low animal protein diet. When comparing values just 
against the faunal remains recovered from Vicenza (cow from Dueville and Sovizzo), average 
13Cco values were −16.5‰ and 
15N 8.2‰ which would give an offset of ~2‰ for 13Cco and 
0.3‰ for nitrogen. These offsets suggest a similarity in diets, with humans possibly consuming 
legumes to explain the low 15N. When comparing just against the pig, there was an offset of 5.9‰ 
for 13Cco and 1.6‰ for 
15N, still suggesting a low animal protein diet. 
 
Table 18. Stable Isotope results for Dueville. Anomalous individuals are italicized and indicated 
by (*) 
 
ID Sex Age 13Cco 
(‰ VPDB) 
15N 
(‰ AIR) 
C:N % 
Yield 
13Cap  ∆13C 
(ap-co) 
13Cen  ∆Cap 
(bone-en) 
370 F Adult -15.1 8.2 3.4 3.1 -6.9 8.2 n/a n/a 
373 F Adult -14.5 8.5 3.2 9.7 -6.6 7.9 -6.3 -0.3 
377 M Adult -14.8 8.5 3.4 6.0 -6.4 8.4 -6.8 0.4 
380 M 35-50 -14.5 8.0 3.3 6.2 -6.8 7.7 n/a n/a 
382 M Adult -14.9 8.2 3.3 13.0 -8.9 6.0 n/a n/a 
384 M 20-34 -14.9 8.2 3.4 5.9 -7.3 7.6 n/a n/a 
385 F 50+ -14.6 7.5 3.4 2.7 -6.2 8.4 -5.6 -0.6 
386 F Adult -14.6 8.5 3.3 10.7 -6.3 8.3 -5.9 -0.4 
391 F 35-50 -13.9 7.7 3.4 5.4 -6.4 7.5 n/a n/a 
393 M Adult -14.2 8.5 3.3 13.2 -7.6 6.6 -6.4 -1.2 
394 M Adult -14.2 8.3 3.4 6.3 -7.0 7.2 -6.4 -0.6 
396 F 35-50 -14.4 8.2 3.4 3.9 -6.4 8.0 -6.9 0.5 
397 M Adult -14.2 7.7 3.4 5.6 -7.1 7.1 -6.1 -1.0 
402 M Adult -13.9 7.5 3.4 7.5 -7.6 6.3 n/a n/a 
408 M Adult -14.8 8.7 3.4 1.7 -8.0 6.8 -6.1 -1.9 
409 F Adult -12.9 9.0 3.4 4.6 -7.9 5.0 -5.3 -2.6 
416 F Adult -14.2 8.8 3.4 3.1 -8.4 5.8 n/a n/a 
425 F Adult -13.5 8.6 3.5 3.6 -6.5 7.0 -6.8 0.3 
426 M 35-50 -14.0 9.1 3.3 9.4 -7.9 6.1 -7.5 -0.4 
427 M 20-34 -14.1 9.2 3.4 1.6 -8.1 6.0 -5.4 -2.7 
431 F Adult -15.4 8.6 3.4 5.5 -8.2 7.2 n/a n/a 
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Table 18 (continued) 
ID Sex Age 13Cco 
(‰ VPDB) 
15N 
(‰ AIR) 
C:N % 
Yield 
13Cap  ∆13C 
(ap-co)  
13Cen  ∆Cap 
(bone-en) 
459 F Adult -14.9 8.5 3.5 3.1 -6.4 8.5 n/a n/a 
464 F 50+ -14.9 8.1 3.4 5.0 -7.0 7.9 -5.9 -1.1 
476 M 20-34 -14.9 7.8 3.4 1.5 -5.9 9.0 n/a n/a 
479 M Adult -14.4 8.5 3.4 1.2 -5.7 8.7 n/a n/a 
*484 M Adult -16.6 9.3 3.5 3.9 -7.3 9.3 -5.8 -1.5 
487 M Adult -14.5 8.5 3.4 6.8 -6.3 8.2 n/a n/a 
489 F Adult -15.5 7.4 3.4 3.3 -6.7 8.8 -5.7 -1.0 
490 F Adult -15.0 8.9 3.4 4.8 -7.4 7.6 n/a n/a 
499 F 50+ -15.0 8.0 3.3 10.8 -8.7 6.3 n/a n/a 
502 F 20-34 -15.2 8.6 3.3 2.3 -6.4 8.8 n/a n/a 
503 M Adult -13.9 8.7 3.3 1.6 -6.8 7.1 -5.9 -0.9 
511 M Adult -14.7 8.7 3.3 17.0 -6.7 8.0 -6.5 -0.2 
512 M Adult -15.2 8.3 3.4 3.1 -7.2 8.0 n/a n/a 
*515 F Adult -15.0 8.6 3.3 1.5 -6.5 8.5 -8.5 2.0 
518 M Adult -15.2 8.7 3.4 13.6 -6.9 8.3 n/a n/a 
519 F Adult -14.3 8.5 3.2 11.7 -8.1 6.2 -8.2 0.1 
522 F 35-50 -15.5 8.1 3.4 5.7 -6.8 8.7 -6.9 0.1 
523 F Adult -14.9 8.3 3.4 10.2 -6.4 8.5 n/a n/a 
*527 F Adult -15.5 9.0 3.4 0.4 -7.0 8.5 -9.2 2.2 
528 F 20-34 -15.0 8.5 3.3 0.1 -6.2 8.8 -5.1 -1.1 
529 M Adult -13.6 8.5 3.2 21.7 -7.5 6.1 -6.2 -1.3 
*534 M 20-34 -13.1 9.9 3.3 21.0 -5.9 7.2 n/a n/a 
539 M Adult -15.0 8.5 3.3 4.5 -6.6 8.4 -6.3 -0.3 
540 M Adult -15.0 8.7 3.3 3.0 -7.0 8.0 -5.8 -1.2 
*541 M Adult -12.8 9.7 3.4 1.7 -5.3 7.5 -5.3 0.1 
542 F Adult -13.6 8.4 3.3 0.6 -5.6 8.0 n/a n/a 
543 F 20-34 -13.4 9.2 3.4 1.2 -5.0 8.4 -4.9 -0.1 
*544 F 20-34 -11.9 9.8 3.4 2.4 -6.2 5.7 -3.3 -2.9 
545 M Adult -13.5 8.7 3.3 14.9 -7.0 6.5 -6.6 -0.4 
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In Figures 62-63, there were four individuals with isotope values 2 SD from the mean and 
stand out as anomalies. These individuals include one adult male (ID 484) for 13Cco (−16.9‰); 
one adult male (ID 541) and one female (ID 544, 20-34 ya) for both 13Cco (−12.8‰, −11.9‰) and 
15N (9.7‰, 9.8‰); one male (ID 534, 20-34 ya) for just 15N (9.9‰); and one adult male (ID 
382) for Cap (−8.9‰). None of these individuals appeared as non-local based on their 
18Oen  
isotope drinking water values. 
 
 
 
Figure 62. Dueville 13Cco and 
15N bone isotope values with fauna. Anomalous individuals are 
labeled. 
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Figure 63. Dueville13Cco and 
13Cap bone isotope values with fauna. The anomalous individual 
is labeled. 
 
 
 The male with an anomalous 13Cco value (−16.9‰) had the lowest value amongst all 
individuals in this sample, suggesting a higher incorporation of C3 resources. The 
15N value was 
9.3‰ (1.9‰ higher than herbivores), with a 13Cap value of −7.3‰, which was slightly higher than 
the mean (−6.9), suggesting a mix of C3/C4 resources. The two individuals with anomalous 
13Cco 
(−12.8‰, −11.9‰) and 15N (9.7‰, 9.8‰) values were more enriched in 13C, and their nitrogen 
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values were the highest in the sample, which was 2.4‰ higher than herbivores. These nitrogen 
values may indicate the inclusion of marine fish, but most likely suggest these individuals 
consumed more protein from animals consuming C4 resources. 
 For 13Cap, using the recorded plant isotope values reported earlier, a +12 spacing model 
would produce an apatite value of −12.6‰ for C3 resources, and +2.0 for C4 (Harrison and 
Katzenberg 2003; Tykot et al. 2009). The average 13Cap value for Dueville was −6.9‰, suggesting 
a strong inclusion of C4 resources. Only one individual had an anomalous 
13Cap value (−8.9‰) 
with a high 13Cco (−14.9‰) and low 
15N (8.2‰) value suggesting a mixed C3/C4 predominately 
plant based diet. The low nitrogen value may be due to the consumption of legumes. Upon further 
analysis, four individuals had values around −8.0‰, which suggests a 50% contribution from C4 
resources. In addition, 15 were near −7.0‰, while 28 were around −6.0‰ or more positive 
suggesting higher contributions from C4 resources than C3. When looking at the carbon apatite 
minus carbon collagen spacing (∆ 13Cap-co), following Krueger and Sullivan’s (1984) ranges, the 
average ∆ 13Cap-co spacing was 7.6‰, which was just outside of the monoisotopic range (5-7‰). 
Around half of the individuals (24) had a ∆ 13Cap-co of 8.0‰ or above, which was closer to a C3 
terrestrial protein and C4 plant diet, while the rest were below, suggesting a C4 protein and C3 total 
diet. 
 Mann-Whitney U tests showed no significant differences between sex for the following 
isotope values: 13Cco (males n=25, Mdn=−14.5‰ and females n=25, Mdn=−14.9) (U=257.500, 
p=0.285), 15N (males n=25, Mdn=8.5‰ and females n=25, Mdn=8.5‰ U=275.000, p=0.464), 
and 13Cap (males n=25, Mdn=−7.0‰ and females n=25, Mdn=−6.5‰ U=374.500, p=0.228). A 
Kruskal-Wallis test showed no significant differences in age for 13Cco (
2(3, N=50) =1.475, 
p=0.688) and 13Cap (
2(3, N=50) =4.734, p=0.192), but did show significance for 
15N (2(3, 
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N=50)=9.956, p=0.019). A pairwise comparison showed that the age category 20-34 was 
significantly different from the 50+ age category (p=0.041), with age category 20-34 having higher 
15N values. A Wilcoxon Signed Ranks test showed there were no significant differences between 
local (n=20) and nonlocal (n=10) individuals for 13Cco (local Mdn=−14.4‰ and nonlocal 
Mdn=−14.7‰) (U=87.000, p=0.588) 15N (local Mdn= 8.7‰ and nonlocal Mdn=8.5‰) 
(U=62.000, p=0.100), and 13Cap (local Mdn=−6.5‰ and nonlocal Mdn=−7.0‰) (U=97.000, 
p=0.914) isotope values.   
 
9.2.2.1.2.2 Enamel Isotopes 
13Cen was sampled from 30 individuals as well as their respective bone values, which were 
used for the following statistical analyses. The 13Cen ranged from −9.2‰ to −3.3‰ with a total 
range of 5.9‰ and average of −6.2‰ ± 1.1. 13Cap ranged from −8.9‰ to −5.0‰ with a total range 
of 3.9‰ and average of −6.9‰ ± 0.9. There was a 0.7‰ difference between average values with 
enamel exhibiting slightly higher values. Mann-Whitney U tests showed there were no significant 
differences in 13Cen values between local (n= 20, Mdn=−6.7‰) and non-local (n=10, 
Mdn=−6.9‰) individuals (U=97.000, p=0.914), nor 13Cap as previously mentioned. In addition, 
there was no significant differences in 13Cen between males (n=15, Mdn=−6.2‰) and females 
(n=15, Mdn=−6.5‰) (U=116.500, p=0.870). A Wilcoxon Signed Ranks test showed there were 
significant differences between individual 13Cen (Mdn=−6.2‰) and 
13Cap (Mdn=−6.8‰) values 
(Z=-2.921, p=0.003), which is displayed in Figure 64. Interestingly, there were significant 
differences within the local population (n=20) between 13Cen (Mdn=−6.2‰) and 
13Cap 
(Mdn=−6.8‰) (Z=-2.276, p=0.023), but not within non-local (n=10, Mdn 13Cen =−6.3‰ and 
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Mdn 13Cap=−6.9‰) individuals (Z=-1.785, p=0.074), similar to what was seen at Sovizzo. This 
shift in isotope values suggests a change in dietary practices locally over time.  
There were three females who had 13Cen values that were 2 SD from the mean (ID 515, 
527, 544). Two of these females had the lowest values (−9.2‰, −8.5‰) which indicate more C3 
resources, while the other had the highest value (−3.3‰) suggesting predominately C4. The first 
two adult females with low values had 13Cap values that were higher (−7.0‰, −6.5‰) suggesting 
the inclusion of C4 resources over time. The third female (20-34 ya), had a 
13Cap value of −6.2‰, 
which suggests an increase in some C3 resources, but still a strong C4 component. Only one of 
these females (ID 515) was considered a nonlocal individual based on their high 18O value 
(−2.1‰). 
 
 
Figure 64. Plotted enamel and bone 13Cap values for Dueville. The five individuals in black 
boxes have higher 13Cap values than 
13Cen. 
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When looking at Figure 64, five individuals had more enriched 13Cap values than 
13Cen, 
suggesting the incorporation of C4 resources in the diet over time. Only one of the individuals 
highlighted (ID 515) was considered non-local. There were at least 12 individuals who did not 
show significant changes in their 13Cen and 
13Cap values, and 18 who showed an increase in C3 
contributions over time. 
 
9.2.2.1.2.3 Dentin Isotopes 
Dentin was sampled from the same individuals as enamel to reconstruct early diet. The 
13Cco(dentin) and 
15N(dentin) values are presented in Table 19. There were three individuals with 
values 2 SD from the mean (Figures 65-66). The first individual was a female (ID 522, 35-50 ya) 
with the most negative 13Cco(dentin) value of –16.2‰. This individual was also considered non-
local based on 18Oen values (–2.8‰) and had a 
15N(dentin) value of 8.7‰ and a 
13Cen value of –
6.9‰, suggesting an early diet of mixed C3/C4, with a higher proportion of C3 resources than the 
rest of the individuals in the sample. This individual 13Cco(bone) (–15.5‰) and 
15N(bone) values 
(8.1‰) showed an increase in the consumption of C4 resources over time. The second individual 
was a female (ID 544, 20-34 ya) with both anomalous 13Cco(dentin) (–11.8‰) and 
15N(dentin) 
(10.7‰) values, and an anomalous 13Cen value (−3.3‰). The high 
13Cco(dentin) nitrogen and 
13Cen 
values suggest that this individual consumed marine resources. Interestingly, this same individual 
had anomalous values for bone 13Cco (−11.9‰) and 
15N(bone) (9.8‰), which shows a change in 
trophic consumption. The third individual was an adult female (ID 386) with an anomalous 
15N(dentin) value (10.3‰). This individual had a high 
13Cco(dentin) value (–13.2‰) suggesting the 
inclusion of marine resources. In addition, the 13Cco(bone) (–14.6) and 
15N(bone) (8.5‰) values 
showed a decrease in protein in the diet with the inclusion of more C4 plants over time.  
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Table 19. Dentin, bone, and enamel isotope values for Dueville. Anomalous individuals indicated 
with (*) 
 
ID Sex Age 13Cco 
(‰ VPDB) 
15N 
(‰ AIR) 
13Cco 
(Dentin) 
15N 
(Dentin) 
13Cap  13Cen ∆13Cap-co 
(en-dentin) 
373 F Adult -14.5 8.5 -14.3 9.0 -6.6 -6.3 8.0 
377 M Adult -14.8 8.5 -14.2 9.1 -6.4 -6.8 7.4 
385 F 50+ -14.6 7.5 -14.2 8.9 -6.2 -5.6 8.6 
*386 F Adult -14.6 8.5 -13.2 10.3 -6.3 -5.9 7.3 
393 M Adult -14.2 8.5 -13.9 8.9 -7.6 -6.4 7.5 
394 M Adult -14.2 8.3 -14.3 8.7 -7.0 -6.4 7.9 
396 F 35-50 -14.4 8.2 -15.0 8.8 -6.4 -6.9 8.1 
397 M Adult -14.2 7.7 -14.6 8.6 -7.1 -6.1 8.5 
408 M Adult -14.8 8.7 -14.3 8.1 -8.0 -6.1 8.2 
409 F Adult -12.9 9.0 -12.7 9.3 -7.9 -5.3 7.4 
425 F Adult -13.5 8.6 -13.7 8.3 -6.5 -6.8 6.9 
426 M 35-50 -14.0 9.1 -14.9 9.1 -7.9 -7.5 7.4 
427 M 20-34 -14.1 9.2 -13.9 9.2 -8.1 -5.4 8.5 
464 F 50+ -14.9 8.1 -14.0 9.0 -7.0 -5.9 8.1 
484 M Adult -16.6 9.3 -15.8 9.1 -7.3 -5.8 10.0 
489 F Adult -15.5 7.4 -13.6 8.2 -6.7 -5.7 7.9 
503 M Adult -13.9 8.7 -12.9 9.2 -6.8 -5.9 7.0 
511 M Adult -14.7 8.7 -14.8 9.2 -6.7 -6.5 8.3 
515 F Adult -15.0 8.6 -13.7 10.1 -6.5 -8.5 5.2 
519 F Adult -14.3 8.5 -15.0 8.8 -8.1 -8.2 6.8 
*522 F 35-50 -15.5 8.1 -16.2 8.7 -6.8 -6.9 9.3 
527 F Adult -15.5 9.0 -15.4 9.1 -7.0 -9.2 6.2 
528 F 20-34 -15.0 8.5 -15.0 9.2 -6.2 -5.1 9.9 
529 M Adult -13.6 8.5 -14.3 9.1 -7.5 -6.2 8.1 
539 M Adult -15.0 8.5 -14.6 8.4 -6.6 -6.3 8.3 
540 M Adult -15.0 8.7 -13.9 8.7 -7.0 -5.8 8.1 
541 M Adult -12.8 9.7 -12.2 9.8 -5.3 -5.3 6.9 
543 F 20-34 -13.4 9.2 -13.1 9.2 -5.0 -4.9 8.2 
*544 F 20-34 -11.9 9.8 -11.8 10.7 -6.2 -3.3 8.5 
545 M Adult -13.5 8.7 -13.6 8.8 -7.0 -6.6 7.0 
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Figure 65. Dueville plotted 13Cco and 
15N values for bone and dentin (tooth root). Anomalous 
individuals are shaded and labeled. 
 
When looking at ∆ 13Cap-co (enamel-dentin) the average value was 7.9‰, ~0.3‰ higher than 
bone (7.6‰). Two individuals had values around 10‰, suggesting a C3 protein with C4 plant diet, 
five individuals were <7.0‰, suggesting a monoisotopic diet of C4 protein and C3 total diet, and 
23 were between 7-10‰. A Wilcoxon Signed Ranks test showed there were no significant 
differences between 13Cco(bone) (n=30, Mdn=–14.5‰) and 
13Cco(dentin) (n=30, Mdn=–14.3‰) (Z=-
1.645, p=0.100), but there were significant differences between 15N(bone) (n=30, Mdn=8.6‰) and 
15N(dentin) (n=30, Mdn=9.1‰) (Z=-3.740, p<0.001) (Figure 67). Average 
15N(dentin) values were 
higher (9.1‰) compared with 15N(bone) (8.5‰), with an enrichment from the faunal average value 
of ~1.7‰, which suggests individuals consumed slightly more animal protein earlier in life (this 
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was the opposite of what was found at Sovizzo). There were four individuals whose bone values 
were higher than their dentin values, suggesting an increase in trophic level consumption over 
time. Three individuals (ID 385, 386, 515) had the largest difference between dentin and bone, 
two of which were considered non-local based on 18O values (ID 385, 515), showing a significant 
decrease in 15N over time. 
 
 
Figure 66. Dueville plotted 13Cco and 
13Cap for bone collagen and apatite, and dentin (tooth 
root) and enamel. Anomalous individual is shaded and labeled. 
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Figure 67. Plotted dentin (tooth root) and bone 15N values for Dueville. The four individuals in 
black boxes have higher 15N(bone) than 
15N(dentin). 
 
 
For sex, a Mann-Whitney U test showed no significant differences in 13Cco(dentin) values 
for males (n=15, Mdn=–14.3‰) or females (n=15, Mdn=–14.0‰) (U=124.500, p=0.624) or 
15N(dentin) values (males n=15, Mdn=9.1‰ and females n=15, Mdn=9.0‰) (U=127.500, p=0.539). 
In addition, a Kruskal-Wallis test showed no significant differences in 13Cco(dentin) 
(2(3,N=30)=6.187, p=0.103) and 15N(dentin) (
2(3, N=30)=5.526, p=0.137) values for age. A 
Wilcoxon Signed Ranks test showed no significant differences between male 13Cco(bone) (n=15, 
Mdn=–14.2‰) and 13Cco(dentin) (n=15, Mdn=–14.3‰) values (Z=-0.966, p=0.334), or male 
15N(bone) (n=15, Mdn=8.7‰) and
15N(dentin) (n=15, Mdn=9.1‰) (Z=-1.927, p=0.054). There were 
also no significant differences for female 13Cco(bone) (n=15, Mdn=–14.6) and 
13Cco(dentin) (n=15, 
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Mdn=–14.0) (Z=1.352, p=0.176). However, there were significant differences for female 15N(bone) 
(n=15, Mdn=8.5‰) and 15N(dentin) (n=15, Mdn=9.0‰) (Z=-3.112, p=0.002), with dentin 
exhibiting higher values (Figure 68). This was not surprising since three females were anomalous 
for 15N. 
 
 
Figure 68. Plotted dentin (tooth root) and bone 15N values for Dueville females. The three 
individuals in black boxes have higher 15N(dentin) values than 
15N(bone).  
 
9.2.2.2 Verona 
 Table 20 presents the isotopic bone values and Table 21 the descriptive statistics for the 
three sites from the Verona region, Bardolino, Desmontà, and Peschiera. Bardolino was a 7th 
century AD Langobard site, while Desmontà was dated to the 6-7th century AD, and Peschiera 4th 
century AD.  
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Table 20. Verona human bone stable isotope results for 13Cco, 
15N, and 13Cap 
Site ID Sex Age 13Cco 15N C:N % 
Yield 
13Cap  ∆13C 
(ap-co)  
Bardolino TB 10(1) F Adult -17.8 8.8 3.2 9.6 -11.6 6.2 
Bardolino TB 10(2) F Adult -16.9 9.2 3.3 7.0 -10.4 6.5 
Bardolino TB 12 I Adult -17.0 9.9 3.3 2.2 -10.4 6.6 
Bardolino TB 13 M Adult -16.8 9.5 3.3 7.0 -8.7 8.1 
Bardolino TB 14 I Adult -17.0 9.9 3.3 2.1 -7.7 9.3 
Bardolino TB 15 F 35-50 -17.6 9.5 3.3 9.1 -8.5 9.1 
Bardolino TB 9 F 20-34 -16.7 8.9 3.2 11.0 -10.2 6.5 
Peschiera  TB 2(1) I Adult -15.8 10.7 3.3 1.3 -9.8 6.0 
Peschiera  TB 2(2) M Adult -16.5 10.3 3.3 3.0 -9.5 7.0 
Peschiera  TB 3(2) F Adult -15.1 10.7 3.3 3.7 -9.5 5.6 
Peschiera  TB3(358) F Adult -15.3 10.2 3.3 0.8 -9.5 5.8 
Peschiera  TB 4(1) M Adult -19.4 8.4 3.3 8.2 -12.0 7.4 
Peschiera  TB 4(2) M Adult -19.1 10.6 3.3 2.7 -13.1 6.0 
Peschiera  TB 4(3) I Adult -19.5 8.4 3.3 8.7 -11.0 8.5 
Desmontà  279 M Adult -14.4 9.3 3.3 9.5 -8.3 6.1 
Desmontà  292 M Adult -18.1 9.8 3.3 1.4 -11.2 7.0 
Desmontà  TB 299 I Adult -18.2 6.9 3.3 5.0 -9.7 8.5 
Desmontà  TB 300 I Adult -18.5 7.0 3.3 7.2 -10.3 8.2 
Desmontà  TB 301 I Adult -16.7 8.7 3.6 0.9 -7.3 9.4 
Desmontà  TB 308 F Adult -17.6 7.8 3.3 3.2 -12.3 5.3 
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Table 21. Verona descriptive statistics for 13Cco, 
15N, and 13Cap bone isotopes 
Site n Isotope Mean SD Min Max Range 
Bardolino 7 13Cco  −17.1 0.4 −17.8 −16.7 1.1 
 
7 15N  9.3 0.4 8.8 9.9 1.1 
 
7 13Cap  −9.6 1.4 −11.6 −7.7 3.9 
Desmontà 6 13Cco  −17.2 1.5 −18.5 −14.4 4.1 
 
6 15N  8.2 1.2 6.9 9.8 2.9 
 
6 13Cap  −9.9 1.8 −12.3 −7.3 5.0 
Peschiera 7 13Cco  −17.2 2.0 −19.5 −15.1 4.4 
 
7 15N  9.9 1.0 8.4 10.7 2.3 
 
7 13Cap  −10.6 1.5 −13.1 −9.5 3.6 
 
The total range for Verona for 13Cco was−19.5‰ to −14.4‰ with a total range of 5.1‰ 
and an average of −17.2‰ ± 1.4; 15N varied from 6.9‰ to 10.7‰ with a total range of 3.8‰ and 
average value of 9.2‰ ± 1.1, and 13Cap from −13.1‰ to −7.3‰ with a total range of 5.8‰ and 
average of −10.1‰ ± 1.5. A Kruskal-Wallis test showed no significant differences for 13Cco (
2 
(2, N=20)=0.170, p=0.918) or 13Cap (
2 (2, N=20)=0.725, p=0.696); however, there were 
significant differences in 15N values (2(2, N=20)=6.432, p=0.04). Specifically, using a pairwise 
comparison, Desmontà and Peschiera showed significant differences in values (p=0.034), with 
Peschiera exhibiting a higher value by 1.6‰.  
The average herbivore values were 13Cco −17.6‰ and 
15N 7.4‰ and average human 
values for Verona were 13Cco −17.2‰ and 
15N 9.2‰, which was a difference of 0.4‰ for 13Cco 
and 1.8‰ for 15N, suggesting a mainly C3 terrestrial diet. Two of the faunal samples came from 
Peschiera and Desmontà (both pigs) with 13Cco values of −18.0‰ and −21.9‰, and 
15N values 
of 6.8‰ and 5.2‰, with an average value of 13Cco −20.0‰ and 
15N 6.0‰, changing the 
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difference between fauna and human values to ~2.8‰ for 13Cco and ~3.2‰ for 
15N, indicating 
the inclusion of marine resources and animal protein. As shown in Figure 69, four individuals 
from Peschiera had the highest nitrogen values, with higher carbon values in line with the addition 
of marine resources. The other three individuals had 13Cco values indicative of a C3 terrestrial diet, 
with one individual containing a high 15N value (10.6‰) indicating freshwater fish consumption. 
For Bardolino, the carbon values suggest a mainly C3 terrestrial diet with the possible inclusion of 
C4 resources; however, a couple of individuals had 
15N (9.9‰) and 13Cco (−17.0‰, −17.6‰) 
values indicating contributions from marine foods. Desmontà individuals showed variability in 
their 13Cco value range but had nitrogen values (three below 8.0‰) consistent with a low protein 
diet. The 13Cco values suggest a mix of C3 and C4 plant foods with the inclusion of legumes.  
Looking at the apatite data graphed in Figure 70 provides additional information on the 
overall diet. Some of the individuals fell in between the C3 and C4 protein lines, suggesting the 
inclusion of fish in the diet. Those individuals on the C3 protein line consumed terrestrial C3 
protein, with variation in C3 and C4 energy. The average ∆ 
13Cap-co spacing for Bardolino was 
7.5‰, Peschiera 6.6‰, and Desmontà 7.4‰, for a total average of 7.2‰ for Verona. These values 
were near a monoisotopic diet. Peschiera had a lower spacing value, which suggests the inclusion 
of fish. Eight individuals had a spacing >7.0‰, indicating a C3 protein with C4 plant diet or fish, 
while 10 individuals were <7.0‰ suggesting a C4 protein or fish and C3 diet. There were no 
significant differences between presence or absence of burial goods, type of burial goods, or sex, 
for the whole Verona sample (n=20), though the sample size was small.  
 
238 
 
 
Figure 69. Verona 13Cco and 
15N bone isotope values with fauna 
 
 
Figure 70. Verona 13Cco and 
13Cap bone isotope values  
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9.2.2.3 Rovigo  
 Table 22 presents the isotopic bone values and Table 23 the descriptive statistics for the 
two 4-6th century AD sites from Rovigo, San Basilio and Riformati Street. 
 
Table 22. Rovigo human bone stable isotope results for 13Cco, 
15N, and 13Cap 
Site ID Sex Age 13Cco 15N C:N % 
Yield 
13Cap  ∆13C 
(ap-co)  
S. Basilio 612 I Adult -19.6 11.3 3.6 2.2 -11.4 8.2 
S. Basilio T3 I Adult -19.9 9.3 3.5 4.6 -13.5 6.4 
S. Basilio T4 F 35-50 -20.0 9.6 3.5 8.5 -13.7 6.3 
S. Basilio T6 570A M Adult -19.6 10.8 3.6 2.0 -12.5 7.1 
S. Basilio T6 580 M 20-34 -20.1 9.0 3.2 2.3 -11.7 8.4 
S. Basilio T6 581 F Adult -19.8 11.2 3.0 2.0 -11.4 8.4 
S. Basilio T6 581A M 50+ -19.7 11.5 3.3 2.2 -12.0 7.7 
S. Basilio T7 576 M Adult -19.8 8.9 3.0 6.0 -13.5 6.3 
S. Basilio T14 738 M 20-34 -18.6 10.6 3.0 0.9 -13.1 5.5 
S. Basilio T14 739 M Adult -19.4 11.2 3.0 1.2 -12.4 7.0 
S. Basilio T15 698 F Adult -20.3 9.9 3.0 1.0 -13.9 6.4 
S. Basilio T16 680 M Adult -18.9 11.9 3.0 0.5 -12.9 6.0 
S. Basilio T16 681 M Adult -19.4 11.9 3.0 1.4 -12.6 6.8 
S. Basilio T18 671 M Adult -19.1 11.4 3.0 0.9 -12.3 6.8 
S. Basilio T18 719A F 20-34 -19.4 11.5 3.2 5.7 -13.1 6.3 
S. Basilio T18 719B F 20-34 -19.0 11.7 3.2 1.7 -12.4 6.6 
S. Basilio T18 759 M Adult -19.5 12.0 3.4 2.4 -13.5 6.0 
S. Basilio T22 729A I Adult -19.5 11.5 3.2 7.5 -13.7 5.8 
S. Basilio T23 964 M Adult -19.2 8.6 3.0 6.6 -12.7 6.5 
S. Basilio T28 876 I Adult -19.2 11.2 3.1 1.9 -10.7 8.5 
S. Basilio T31 936 M Adult -19.5 11.9 3.2 1.6 -13.7 5.8 
S. Basilio T33 814 F 20-34 -19.8 9.5 3.0 2.9 -12.2 7.6 
Riformati TB 1 I Y. Adult -16.9 11.5 3.0 3.3 -9.4 7.5 
Riformati TB 2 M 20-34 -16.3 11.0 3.0 12.9 -9.0 7.3 
Riformati TB 3 M 20-34 -16.5 10.6 2.9 4.9 -9.9 6.6 
Riformati TB 4 F 20-34 -16.6 11.2 3.0 4.9 -10.0 6.6 
Riformati TB 5 I Adult -17.0 11.1 2.9 8.0 -10.3 6.7 
Riformati TB 6 I Y. Adult -16.0 9.7 3.0 14.2 -9.9 6.1 
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Table 23. Rovigo descriptive statistics for 13Cco, 
15N, and 13Cap bone isotopes 
Site n Isotope Mean SD Min Max Range 
S. Basilio 22 13Cco  −19.5 0.4 −20.3 −18.6 1.7 
 
22 15N  10.7 1.1 8.6 12.0 3.4 
 
24 13Cap  −12.6 0.9 −13.9 −10.7 3.2 
Riformati St 6 13Cco  −16.6 0.4 17.0 −16.0 1.0 
 
6 15N  10.9 0.6 9.7 11.5 1.8 
 
6 13Cap  −9.7 0.5 −10.3 −9.0 1.3 
 
The total geographic range for 13Cco was −20.3‰ to −16.9‰ with a total range of 4.3‰ 
and an average of −18.9‰ ±1.3; 15N varied from 8.6‰ to 12‰ with a total range of 3.4‰ and 
average value of 10.8‰ ±1.0, and 13Cap from −13.9‰ to −9.0‰ with a total range of 4.9‰ and 
average of −12.1‰ ± 0.1. Mann-Whitney U statistics showed significant differences between S. 
Basilio (n=22, Mdn=−19.5‰) and Riformati St. (n=6, Mdn=−16.6‰) for 13Cco (U=132.000, 
p<0.001). There were also significant differences between S. Basilio (n=24, Mdn=−12.7‰) and 
Riformati St. (n=6, Mdn=−9.9‰) for 13Cap (U=144.000, p<0.001), with S. Basilio exhibiting 
more negative values for both isotopes. However, there was no significant difference between S. 
Basilio (n=22, Mdn=11.2‰) and Riformati St. (n=6, Mdn= 11.1‰) for 15N values (U=57.500, 
p=0.643).  
The average herbivore values were 13Cco −17.6‰ and 
15N 7.4‰ and average human 
values for Rovigo were 13Cco −18.9‰ and 
15N 10.8‰, which was a difference of 1.6‰ for 13Cco 
and 3.4‰ for 15N, suggesting a mainly C3 terrestrial diet with some inclusions of fish. Thirteen 
of the faunal samples came from S. Basilio and Riformati St., with an average of 13Cco −19.0‰, 
and 15N 8.2‰, changing the fauna and human values to ~0.1‰ and ~2.6‰, suggesting a mainly 
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C3 terrestrial diet. Two sites were separated in Figure 71, based on their 
13Cco values, with 
Riformati St. exhibiting higher values, but similar 15N values as S. Basilio, suggesting the 
consumption of animals eating C4 resources or salt water fish. The two chicken/bird samples with 
clear C4 dependence came from these sites. There were two clusters of individuals from S. Basilio, 
with seven individuals that had lower 15N values (<10‰), and 15 individuals (>10‰), which 
indicates that the first group consumed terrestrial C3 protein, while the second included freshwater 
fish in their diet. 
 
 
 Figure 71. Rovigo 13Cco and 
15N bone isotope values with fauna 
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The average ∆ 13Cap-co spacing for S. Basilio and Riformati St. was 6.8‰. These values fell 
within a monoisotopic diet, with the inclusion of fish. Ten individuals had values >7.0‰, 
suggesting a C3 protein with C4 plant diet or fish, and 18 were <7.0‰ suggesting a C4 protein or 
fish and C3 diet. Looking at the apatite data graphed in Figure 72, the sites were distinctly 
separated based on their 13Cco and 
13Cap values, with Riformati St. individuals closer to the C4 
energy line and in between protein lines suggesting C3 animal protein with some fish and/or C4 
plants. S. Basilio individuals were on the C3 protein line and closer to the C3 energy line indicating 
a purely terrestrial C3 diet.  
 
 
Figure 72. Rovigo 13Cco and 
13Cap bone isotope values 
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A Mann-Whitney U test showed no significant difference between males (n=18, 
Mdn=−19.4‰) and females (n=13, Mdn=−19.6‰) for 13Cco (U=647.000, p<0.001); 
15N (males 
n=18, Mdn=11.2‰ and females n=13, Mdn=10.7‰ ) (U=122.500, p<0.000); and 13Cap (males 
n=18, Mdn=−12.6‰ and females n=13 Mdn=−12.2‰) (U=673.500, p<0.001). A Kruskal-Wallis 
test showed no significant difference in age for 13Cco (
2(5, N=28)=10.001, p=0.075) 
15N (2(5, 
N=28)=4.068, p=0.540), and 13Cap (
2(5, N=28=8.498, p=0.131). For burial good type, a Kruskal-
Wallis test shows no significant difference for 13Cco (
2(4, N=13)=5.896, p=0.207), 15N (2(4, 
N=13)=5.146, p=0.273), and 13Cap (
2(4, N=13)=5.145, p=0.273). A Mann-Whitney U test 
showed no significant difference in burial good presence (n=13, Mdn=−18.6‰) or absence (n=15, 
Mdn=−19.2‰) for 13Cco (U=47.500, p=0.471), or 
13Cap (presence n=13, Mdn=−11.7‰ and 
absence n=16, Mdn=−11.6‰) (U=44.000, p=0.208). However, there were significant differences 
in burial good presence (Mdn=10.6‰) or absence (n=15, Mdn=11.5‰) for 15N (U=99.000, 
p=0.006). Surprisingly, it appears that individuals without burial goods had higher 15N values.  
 
9.2.2.4 All Site Comparisons  
 Table 24 shows the descriptive statistics for 13Cco, 
15N, 13Cap, and 
18Oap isotopic values 
for the sites used in this study. A discriminant function analysis was used as an exploratory tool to 
see if samples could be classified by site based on 13Cco, 
15N, 13Cap, and 
18Oap isotopic values. 
This method compared whether the sites could be differentiated by a mean variable (isotope) to 
predict group membership. Specifically, what single or combination of isotope values would 
predict an individual's likelihood of coming from a particular site.
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Table 24. Descriptive statistics for 13Cco, 
15N, 13Cap, and 
18Oap isotopic values from the Veneto 
    13Cco 15N 13Cap 18Oap
Site           n Min Max Mean SD Min Max Mean SD Min Max Mean SD Min Max Mean SD 
Sovizzo  50 -17.8 -12.6 -15.5 1.2 7.0 11.2 9.1 0.8 -11.9 -7.1 -9.1 0.9 -5.1 -2.5 -4.2 0.7 
Dueville  50 -16.6 -11.9 -14.5 0.8 7.4 9.9 8.5 0.5 -8.9 -5.0 -6.9 0.9 -5.4 -2.1 -3.8 0.9 
Bardolino  7 -17.8 -16.7 -17.1 0.4 8.8 9.9 9.3 0.4 -11.6 -7.7 -9.6 1.4 -3.8 -2.7 -3.3 0.4 
Peschiera 7 -19.5 -15.1 -17.2 2.0 8.4 10.7 9.9 1.0 -13.1 -9.5 -10.6 1.5 -5.1 -2.7 -3.7 1.0 
Desmontà 6 -18.5 -14.4 -17.3 1.5 6.9 9.8 8.3 1.2 -12.3 -7.3 -9.9 1.8 -4.3 -2.0 -3.4 0.9 
S. Basilio 22 -20.3 -18.6 -19.5 1.1 8.6 12.0 10.7 0.9 -13.9 -10.7 -12.7 0.9 -4.8 -1.5 -3.3 0.6 
Riformati St. 6 -17.0 -16.0 -16.6 0.4 9.7 11.5 10.9 0.6 -10.3 -9.0 -9.8 0.5 -3.4 -0.9 -2.1 0.9 
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The discriminant function analysis produced four discriminant functions, of which the first 
discriminant function determined 88.1% of the overall discriminating ability (Table 25). This 
function determined that 13Cco and 
13Cap were the two isotopes that had the strongest correlation 
and provided the overall discrimination between groups (Table 26). The second discriminant 
function determined 9.3% (18Oap and 
13Cap) of the discriminating ability. Table 27 presents the 
means of the discriminant function scores which are plotted in Figure 73. Table 28 shows the 
predicted groups for all the samples, i.e. how accurately each individual was classified based on 
their isotopic values and site. 
 
Table 25. The four discriminant functions and their percent of discriminating ability. Function one 
(*) produced the highest percentage. 
 
Eigenvalues 
Function Eigenvalue % of Variance Cumulative % Canonical 
Correlation 
*1 6.802 *88.1 88.1 .934 
2 .717 9.3 97.3 .646 
3 .189 2.4 99.8 .398 
4 .016 .2 100.0 .127 
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Table 26. Standardized canonical discriminant function coefficients. (*) indicates a strong 
correlation between the function and isotope. 
 
 Function 
1 2 3 4 
13Cco *.541 -.497 .945 -.366 
15N -.589 .562 .406 .587 
13Cap *.557 *.836 -.551 .493 
18Oap .043 *.912 .202 -.556 
 
 
Table 27. Means of the discriminant function scores  
Functions at Group Centroids 
Site Function 
1 2 3 4 
Sovizzo .797 -.595 .317 -.076 
Dueville 3.056 .411 -.260 .215 
Bardolino -.712 .624 -.523 -.216 
Desmontà .239 -.146 -1.194 -.668 
Peschiera -1.743 .093 .178 -.130 
S. Basilio -4.777 -.199 -.190 .197 
Riformati St. -1.740 2.919 .749 -.201 
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Table 28. Classification results for the discriminant function analyses on bone isotopic values 13Cco, 
15N, 13Cap, and 
18O for all sites. 
(*) indicates high predictability of membership. 
 
                   Predicted Group Membership 
  
  Site Dueville Sovizzo Bardolino Peschiera Desmontà S. Basilio Riformati  Total 
Ct Dueville 45 5 0 0 0 0 0 50 
  Sovizzo 2 46 0 1 0 1 0 50 
  Bardolino 0 1 3 3 0 0 0 7 
  Peschiera 0 4 1 1 0 1 0 7 
  Desmontà 1 1 0 1 2 0 0 5 
  S. Basilio 0 0 0 0 0 22 0 22 
  Riformati  0 0 0 0 0 0 6 6 
% Dueville *90.0 10.0 0.0 0.0 0.0 0.0 0.0 100.0 
  Sovizzo 4.0 *92.0 0.0 2.0 0.0 2.0 0.0 100.0 
  Bardolino 0.0 14.3 42.9 42.9 0.0 0.0 0.0 100.0 
  Peschiera 0.0 57.1 14.3 14.3 0.0 14.3 0.0 100.0 
  Desmontà 20.0 20.0 0.0 20.0 40.0 0.0 0.0 100.0 
  S. Basilio 0.0 0.0 0.0 0.0 0.0 *100.0 0.0 100.0 
  Riformati  0.0 0.0 0.0 0.0 0.0 0.0 *100.0 100.0 
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Figure 73. Plotted group centroids for all Veneto sites 
 
Dueville, Sovizzo, San Basilio, and Riformati St. had classification rates >90%, while 
Bardolino, Peschiera, and Desmontà fell below 43%, possibly due to their small sample size or 
dietary variability. Dueville and Sovizzo (both inland sites) and San Basilio and Riformati St. (near 
or on the Adriatic Sea) were very clearly separated groupings based on the scatterplot. San Basilio 
and Riformati St. had the highest classification scores (100%), suggesting they were isotopically 
distinct from the other sites. This was followed by Sovizzo (92%) and Dueville (90%). Peschiera 
and Bardolino were close together (both on the shores of Lake Garda), while Desmontà and  
Sovizzo cluster very close together (both inland) (Figure 73). There were significant differences 
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between the medians of each isotopic ratio amongst the sites (Table 29). A pairwise comparison 
showed that Dueville was significantly different from every site for 13Cco and 
13Cap. S. Basilio 
was significantly different from Sovizzo and Dueville for 13Cco, with the lowest value. In addition, 
S. Basilio was significantly different from all but Peschiera and Riformati St. (both coastal sites) 
for 13Cap. Sovizzo was significantly different from the contemporary site of Dueville for all 
isotope values (13Cco, 
13Cap, 
15N, 18Oap). The pairwise comparison showed that Sovizzo, 
Desmontà, and Peschiera were not significantly statistically different for any of the stable isotopes. 
This was interesting since Sovizzo and Desmontà were inland sites, while Peschiera was on Lake 
Garda. In addition, Bardolino, Peschiera, and Riformati St. were not significantly different, and 
these sites were located near large bodies of water. Similarly, San Basilio, Riformati, and Peschiera 
had similar values and were located near water as well. Figures 74-75 shows these differences in 
the collagen and apatite graphs.  
 
Table 29. Kruskal-Wallis test for all site comparisons for 13Cco, 
13Cap, 
15N, 18Oap median isotope 
values. (*) indicates significance 
  
N Chi-Square df Assump. Sig.  
(2-tailed) 
δ13Cco 148 94.96 6 <0.001* 
15N 148 66.41 6 <0.001* 
13Cap 149 114.68 6 <0.001* 
18Oap 149 35.11 6 <0.001* 
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Figure 74. 13Cco and 
15N bone isotope values for all sites in the Veneto 
 
For the whole sample (N=148 for collagen and N=149 for apatite), there were no significant 
differences between sex, age, or burial good presence. Sample sizes were too small for many of 
the sites to be directly compared for sex, age, burial good presence, and type (Desmontà, Peschiera, 
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Bardolino, Riformati St.) so comparisons for sex were only conducted for Sovizzo, Dueville, and 
S. Basilio. There were significant differences in males across sites for all isotopes (Table 30). 
 
 
Figure 75. 13Cco and 
13Cap bone isotope values for all sites in the Veneto 
 
A pairwise comparison showed that for δ13Cco, Dueville, S. Basilio, and Sovizzo were all 
significantly different. For 15N and 13Cap, all sites were significantly different from one another. 
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In addition, there were significant differences in females across sites for all isotopes (Table 31). 
A pairwise comparison showed that for δ13Cco S. Basilio was significantly different from both 
Sovizzo and Dueville. For 15N and 13Cap all sites were significantly different from one another.  
 
Table 30. Kruskal-Wallis test for significance between male δ13Cco, 
15N, 13Cap, and 
18Oap 
isotopic values from Sovizzo, Dueville, and S. Basilio. (*) represents significant values. 
  
N Chi-Square df Assump. Sig.  
(2-tailed) 
δ13Cco 62 38.41 2 <0.001* 
15N 62 21.84 2 <0.001* 
13Cap 62 50.45 2 <0.001* 
18Oap 62 6.84 2 0.033* 
 
 
Table 31. Kruskal-Wallis test for significance between female median δ13Cco, 
15N, 13Cap, and 
18Oap isotopic values from Sovizzo, Dueville, and S. Basilio. (*) represents significant values. 
  
N Chi-Square df Assump. Sig.  
(2-tailed) 
δ13Cco 56 21.14 2 <0.001* 
15N 56 19.67 2 <0.001* 
13Cap 57 40.44 2 <0.001* 
18Oap 57 7.04 2 0.030* 
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9.2.2.4.1 Geographic Region 
 The sites were combined based on geographic location (Verona, Vicenza, Rovigo), with 
descriptive statistics provided in Table 32. 
 
Table 32. Descriptive statistics for δ13Cco, 
15N, 13Cap, and 
18Oap geographic regions in the 
Veneto 
  
Isotope Mean SD Min Max Range 
Vicenza 13Cco  −15.0 1.2 −17.8  −11.9  5.9 
 
15N  8.8 0.8 7.0 11.2 4.2 
 
13Cap  −8.0 0.8 –11.9 −5.0 6.9 
 
18Oap  −4.0 0.8 −5.4 −2.1 3.3 
Verona 13Cco  −17.2 1.4 −19.5 −14.4 5.1 
 
15N  9.2 1.1 6.9 10.7 3.8 
 
13Cap  −10.1 1.5 −13.1 −7.3 5.8 
 
18Oap  −3.5 0.8 −5.1 −2.0 3.1 
Rovigo 13Cco  −18.9 1.3 −20.3 −16.0 4.3 
 
15N  10.8 1.0 8.6 12.0 3.4 
 
13Cap  −12.1 1.4 −13.9 −9.0 4.9 
 
18Oap  −3.0 0.8 −4.8 −0.9 3.9 
 
 
There were significant differences between geographic regions for all isotopes (13Cco, 
13Cap, 
15N, 18Oap) (Table 33). A pairwise comparison showed that Vicenza was significantly 
different from both Verona and Rovigo for all isotopes, while Verona and Rovigo were not 
significantly different from each other. Rovigo and Verona both had sites near the coast. This is 
shown in Figures 76-77, where Verona and Rovigo were closer together based on 13Cco, though 
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Verona shows more inclusions of C4 resources than Rovigo. Rovigo also exhibited higher 
15N 
values overall suggesting fish was consumed more frequently in that area.  
 
Table 33. Kruskal-Wallis test for significance in δ13Cco, 
15N, 13Cap, and 
18Oap isotopic values 
from Vicenza, Verona, and Rovigo. (*) represents significant values. 
  
N Chi-Square df Assump. Sig.  
(2-tailed) 
δ13Cco 148 78.43 2 <0.001* 
15N 148 49.88 2 <0.001* 
13Cap 149 72.98 2 <0.001* 
18Oap 149 26.85 2 <0.001* 
 
 
 
Figure 76. 13Cco and 
15N bone isotope values by geographic region 
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Figure 77. 13Cco and 
13Cap bone isotope values by geographic region 
 
9.2.2.4.2 Time Period  
The sites were combined based on time period (4-6th century AD and 6-8th century AD). 
Descriptive statistics are presented in Table 34. There were significant differences for all isotope 
variables across time (13Cco, 
13Cap, 
15N, 18Oap) (Table 35).  
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Table 34. Descriptive statistics for 13Cco, 
13Cap, 
15N, 18Oap for the 4-6
th century AD and 6-8th 
century AD 
 
Time Period n Isotope Mean SD Min Max Range 
4-6th century AD 35 13Cco  −18.9 1.3 −20.3 −16.0 4.3 
 
35 15N  10.8 1.0 8.6 12.0 3.4 
 
37 13Cap  −12.1 1.4 –13.9 −9.0 4.9 
 
37 18Oap  −3.0 0.8 −4.8 −0.9 3.9 
6-8th century AD 113 13Cco  −15.2 1.3 −18.5 −11.9 6.6 
 
113 15N  8.8 0.8 6.9 11.2 4.3 
 
113 13Cap  −8.1 1.5 −12.3 −5.0 7.3 
 
112 18Oap  −3.9 0.8 −5.4 −2.1 3.3 
 
 
 
Table 35. Mann-Whitney U test comparing 13Cco, 
13Cap, 
15N, 18Oap isotopic values for the 4-
6th century AD and 6-8th century AD 
  
N U Assump. Sig.  
(2-tailed) 
δ13Cco 148 278.500 <0.001 
15N 148 3522.500 <0.001 
13Cap 149 218.000 <0.001 
18Oap 149 3136.500 <0.001 
 
 
Figure 78 visually displays these results. There was a wider range in all isotope values for 
the 6-8th century AD. In addition, the 6-8th century AD sites had the highest 13Cco values with 
15N values that did not suggest the inclusion of marine resources, and smaller quantities of animal 
protein compared with the 4-6th century AD sites. The 4-6th century AD sites showed a 
predominantly C3 terrestrial and fish diet. In Figure 79, the apatite plot shows a significant 
inclusion of C4 energy resources in the diet of individuals from the 6-8
th century AD sites.  
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Figure 78.13Cco and 
15N bone isotope values by time period (4-6th century AD and 6-8th century 
AD) 
 
 
Figure 79. 13Cco and 
13Cap bone isotope values by time period (4-6
th century AD and 6-8th century 
AD) 
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9.3 Conclusion 
 To sum up, there were non-local individuals within the sample, though they do not appear 
to represent the first generation Langobard migrants from Pannonia, pegging the question, where 
are the Langobards? This is addressed in the following chapter. In terms of diet, local and non-
local individuals (only for Sovizzo) showed differences in diet. There were significant differences 
in diet between time periods, suggesting the arrival of the Langobards may have influenced the 
political economy in the region. Interestingly, there were no real differences in socioeconomic 
status or sex. These results are discussed in the following chapter. 
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CHAPTER 10: DISCUSSION 
 
 
10.1 Introduction 
 The previous nine chapters have presented the historical and material data analyzed and 
collected for this study. These chapters included a chronological background of important cultural 
events that occurred from the Roman to Early Medieval period, and the social, political, and 
economic changes discernable in the literary and archaeological record. The goal of this project 
was to use stable isotope analyses on human and faunal remains to reconstruct human mobility 
and diet from an important transformatory period, after the collapse of the Western Roman Empire. 
The results revealed patterns of migration and changes in foodways that are discussed in this 
chapter.  
To review, the aims of this dissertation were to address five specific research questions, 
which were as follows: 1) are non-local populations (Langobards) distinguishable in the cemetery 
samples; 2) are there variations in diet between non-local and local populations and/or changes in 
diet over the course of an individual’s life; 3) what was the overall diet like in northeastern Italy 
with the Langobard arrival and occupation; 4) are there changes in diet from Late Antiquity to the 
Langobard occupation, and; 5) are there any socioeconomic differences in diet (status and sex). 
These research questions were designed to elicit information regarding the impacts the Langobard 
presence had on local populations in the Veneto. Thus, the following chapter discusses how the 
results from these research questions provided important information on life in the Veneto. 
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10.2 Where are the Langobards? 
Oxygen stable isotope analysis was employed on two large Langobard necropoleis, 
Sovizzo and Dueville. Sovizzo and Dueville contained recorded Langobard burials excavated by 
Dr. Marisa Rigoni. These burials were dated to the end of the 6th century AD to early 7th century 
AD, with some possible continuation into the 8th century AD based on burial good typologies 
(Rigoni et al. 1988). Historical records and documented cemeteries suggest the Langobards 
migrated through Cividale del Friuli in AD 568, established a dukedom, and then moved west 
across the Po Plain (Paul the Deacon, Historia Langobardorum ca. AD 787-789; Kiszely 1979). 
Vicenza would have been one of the initial areas of conquest during the first wave of migration 
(Paul the Deacon, Historia Langobardorum ca. AD 787-789; Rigoni 1995). In the present study, 
the oxygen analysis successfully identified non-local individuals; however, only two had isotope 
signatures that could indicate the presence of a migrating Langobard from Pannonia. The lack of 
distinguishable migrating Langobards in the sample can be explained in multiple ways.  
First, when looking at the structure and scale of the Langobard migration, it is difficult to 
interpret the impact and size of the migrating Langobards, which may be exaggerated in historical 
documents (Alt et al. 2014; Cabana and Clark 2011; Iacumin et al. 2014). For example, Paul the 
Deacon suggests that close to half a million Langobards migrated into Italy, yet some scholars 
believe 150,000 may be more of a reasonable approximation (Christie 1995). This estimate 
includes soldiers, families, slaves and other ethnic groups such as Saxons, Pannonians, Heruls, and 
Huns who assimilated into Langobard culture (Bernardini 2011; Christie 1995). It is unclear if all 
migrated at once, or if a chain migration occurred in smaller groups; however, some suggest not 
all people migrated from Pannonia (Wickham 1981). According to Burmeister (2000), under 
normal circumstances whole societies do not usually migrate. 
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Second, these numbers may not have significantly affected the demographics of the 
receiving communities, and thus the cemetery populations (Anthony 1997; Cabana and Clark 
2011). Those that did migrate moved through a vast area of the Italian peninsula, from the north, 
central, to southern parts of Italy. The Langobards first arrived in Cividale de Friuli and continued 
on to conquer the Po Valley, with King Alboin leaving his nephew (with a selection of warriors) 
to establish a dukedom and defend the Alpine boarders (Christie 1995). According to Burmeister 
(2000) military personnel and traders are usually the forerunners of settlement in new areas, and 
are drawn to centers (such as military outposts), which was seen at Cividale de Friuli and Verona. 
As a total of 30 dukedoms were eventually established in Italy, in addition to the vast area 
they ruled, their total number of burials in each area may not be that high. Brather (2009) mentions 
Langobard nobility living in more rural settlements with farms and craft production areas, which 
may be the case for the sites of Sovizzo and Dueville. These sites had recorded weapons burials 
(lost during the world wars) perhaps representing the Langobard nobility in charge of the local 
population. Therefore, the sample selected for this research seems representative of the local 
population under Langobard rule. 
There were a few demographic studies on Langobard cemeteries in Hungary and Italy, 
which attest to the small numbers of Langobards in burial populations dating to the initial 
migration (Amorim et al. 2018; Bruno 2014; Giostra 2011; Jorgensen 1991). For example, 
Amorim et al. (2018) studied a cemetery in Szólád, Hungary, which they believe represented a 
mobile group of Langobards (45 graves were uncovered). Genomic sequencing of 39 individuals 
showed that 32 individuals could be Langobard, while seven exhibited southern European 
ancestry. At other sites throughout Italy there was evidence of Langobard burials in walls of old 
Roman villa, such as a site used for this research (Bardolino) in which seven burials were recovered 
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from fill in two rooms (Bruno 2014). At the necropolis of Campo Marchione in Brescia, the 
researchers calculated that the cemetery contained seven generations of individuals, with around 
35 individuals consisting of the first Langobard immigrants into the area (Giostra 2011). Another 
example was the Langobard cemetery of Nocera Umbra from the Dukedom of Spoleto, which had 
an average of 11 burials per generation beginning with the initial migratory population (Jorgensen 
1991). Thus, the actual demographic impact of the Langobards on the receiving communities may 
not have been substantial, making it difficult to uncover who was the migrating population. 
Second, and in conjunction with the first point, previous bioarchaeological research has 
shown that the Langobards buried their dead with other cultural groups. For example, research on 
skeletal morphology, burial context, and aDNA have shown that various populations were buried 
together in Hungary and Italy, including what has been identified by archaeologists as 
representations of the Langobards, Avars, and the Roman/Byzantine population (Amorim et al. 
2018; Belcastro and Faccini 2001; Rubini and Zaio 2011). The genetic study from Szólád, Hungary 
not only found evidence of a limited occupation by a small migratory group with central/northern 
European ancestry (possible Langobards), but also a population who had southern ancestry 
suggesting the integration of unaffiliated individuals (southern European ancestry) (Alt et al. 2014; 
Amorim et al. 2018). In addition, Brogiolo’s (1996) survey of Langobard burials in Italy shows 
they either continued use of a Roman necropolis, created a new one, or reused an area from a 
previously abandoned Roman necropolis. For instance, in Cividale de Friuli Langobard burials 
were found in abandoned Roman villas, a continually used Roman necropolis, and a reused Roman 
cremation necropolis (Silva 1996).  
What defines a Langobard? Individuals from different ethnic backgrounds could take on 
Langobard cultural practices and be integrated within their social system, including the Italian 
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populations that came under their rule (Possenti 2001). The Langobard law codes suggest that 
individuals could choose to follow Langobard law, or Roman law, creating a fluidity in cultural 
identity that may be reflective in their burial goods (Drew and Peters 1973). Thus, individuals with 
“Langobard” burial customs found in Italy may not represent a migrating Langobard, but the local 
population taking on the dominant social class burial customs (Possenti 2001). Rigoni et al. (1988) 
have previously suggested that Sovizzo was used by multiple surrounding settlements due to the 
significant size of the necropolis (at one point around 500 burials). This was also inferred from the 
organization of the necropolis, where burials were placed in separate areas. What was unclear was 
if this division was due to ethnic or other social distinctions. Unfortunately, a comprehensive map 
of all the burials excavated was unavailable, and only the recently excavated portion was 
published, though no burial numbers were recorded with their respective location. The cemetery 
for Dueville, which means “two villae,” also suggests multiple populations were buried in this 
necropolis (Carrara 2012). Some of the burial goods, such as bone combs, found within these two 
necropoleis were not just unique to the Langobards. Therefore, the individuals sampled for this 
study could isotopically be the local or regionally local populations, and not the initial migrating 
Langobards. 
The third reason why the Langobards may not be isotopically visible in this sample could 
be the timing of the burials within the cemeteries. These individuals could represent second 
generation Langobards. The dating of the sites was done based on artifact typologies, previously 
discussed in Chapter 7, which do provide a good chronology of burial good types attributed to the 
Langobards. However, these artifacts could have been common over a 70 year period, which would 
include multiple generations. If individuals within this population were born at the beginning of 
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the 7th century AD, they could have local isotopic signatures. Radiocarbon dating would not be 
able provide a narrower range, so aDNA could be a future avenue to improve research.  
 
10.3 Who are the Non-Locals? 
The ability to assign a geographic origin to non-local individuals in the sample was 
hampered by the lack of directly comparable human isotope data. While it was not possible to 
determine the exact location of an individual using oxygen stable isotopes, generalizations can be 
made based on regional isotopic values and contextual historical information of potential areas 
that individuals could have migrated from. Oxygen isotopes vary east-to-west across the Italian 
peninsula, with values significantly more enriched in the heavier isotope near the coast, and lighter 
near the Apennine and Alpine mountain ranges (Longinelli and Selmo 2002). While the 
individuals in these cemetery samples were not representative of the migrating Langobards, around 
37% (22/60) of the individuals sampled from Sovizzo and Dueville appear to be non-local. The 
results from the IQR statistical method produced three outliers, and drinking water outliers 
produced 22 individuals, including the three previously identified with IQR. This section discusses 
both non-regional and regional migrants.  
 
10.3.1 Non-Regional Migrants 
Non-regional non-local individuals comprise about 17% (10) of this sample, all found at 
the site of Sovizzo. All of the individuals from Sovizzo have high 18Odw(VSMOW) values indicative 
of individuals from warmer, drier climates. The three IQR outliers all contain non-regional 
signatures, and include two females and one male. One male and one female from Sovizzo had the 
highest oxygen values (−0.5‰, −1.2‰), suggesting these individuals potentially came from a 
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region in North Africa, which is drier and closer to the equator producing higher 18Odw(VSMOW) 
values (ranging from −5.7‰ to +4.0‰) (Prowse et al. 2007). Buzon et al. (2010) published oxygen 
results from the modern day Sudan (ancient Nubia), with a range of 18Oen(VSMOW) values from 
29.2‰ to 35.3‰, and 18Odw(VSMOW) values around −0.5‰. Other sites from the Nile Valley 
18Oen(VSMOW) range from 24.3‰ to 36.0‰ with 
18Odw(VSMOW) from −4.6‰ to +2.3‰ (Table 27).  
Prowse et al. (2007) and Killgrove and Montgomery (2016) have identified individuals in 
their Roman samples with higher values that suggest migration from this region, or somewhere 
with similar drier environmental conditions. During the Roman period, nonlocal individuals from 
North Africa comprised around 10% of the Roman population, and since trade with North Africa 
was predominant during this time, it is assumed that most of these migrants voluntarily moved to 
Rome for a new life (Noy 2000). During the Great Germanic Migrations, the Vandals would take 
over key Roman provinces, including North Africa, but the Byzantines regained the Italian 
peninsula and North Africa in AD 544, shortly before the Langobard arrival. Thus, they still 
received imported goods when they moved to the Venetian coast (Linn 2012). Therefore, it is 
possible that individuals could have voluntarily come to Italy through avenues of trade with the 
Byzantine coast. Their migration inland to Langobard territory could have been from word of 
mouth that this barbarian group did not exert the same burdening taxes as the Byzantines (Fabbro 
2015). When looking at the combined IQR and drinking water outliers, six of the non-regional 
migrants were male and three were female, suggesting both sexes migrated, with a slight skew in 
favor of males. It has traditionally been thought that men are the most likely to voluntarily migrate 
due to constrictions in female movement.  
 Another potential explanation for the non-local individuals is that they were forced 
migrants, or slaves. During the Roman Empire, slaves made up almost 40% of the population, 
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coming from North Africa, the Alpine region, Middle East, and throughout the Mediterranean 
(Bradley 1994). These individuals could have been enslaved by previous Byzantine/Roman 
population before the Langobards arrived. Males, females, and children could comprise a slave 
population, fitting with the demographic of the non-regional non-local group (Scheidel 2005). Two 
of these individuals (one male and one female) had bone combs within their burials, while the rest 
had no associated burial goods. It would be unlikely that a slave would contain burial goods; 
however, if they were manumitted they could have increased their social status later in life 
(Scheidel 2005). The Langobards were one of a few Germanic groups who emancipated slaves. 
Paul the Deacon argues that this fact created a more united group of admixed peoples (Paul the 
Deacon, Historia Langobardorum ca. AD 787-789).  
Lastly, the non-regional non-local individual from Dueville was a female with the lowest 
18Odw(VSMOW) value (−10.2‰), which could be indicative of an individual born in a more cold and 
wet area, possibly the northern Italian Alps or Hungarian plain, and potentially a migrating 
Langobard. As previously discussed, the range of precipitation values from Hungary to Friuli was 
−11.4‰ to −7.5‰ VSMOW, which this individual fell within. Gerling et al. (2012) showed 
isotopic values within this range from sites in Eastern Hungary (Table 36). This individual could 
be one of the few represented Langobards within this cemetery sample.  
 
10.3.2 Regional Migrants 
Regional migrants make up 20% (12) of the non-local population and contain lower 
18Odw(VSMOW) values (−3.5‰ and −4.6‰). All non-local individuals from Dueville have regional 
values (six females and four males) and two non-local individuals from Sovizzo have regional 
values (one male and one female). These values could indicate regional migrants from the western 
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and southeastern coast, possibly indicative of the Byzantine/Roman population. These values 
could also be representative of Byzantines migrating into Italy from areas near Greece, as oxygen 
data from freshwater springs from Crete and the Aegean islands were −4.3‰, and mainland Greece 
−3.2‰ (Dotsika et al. 2018).  
 
Table 36. 18Odw(VSMOW) values for comparative sites from North Africa, Rome, and Hungary 
 
Site Time Period Location Mean dw Reference 
Mendes 332 BC-AD 395 Nile Valley -0.9‰ Prowse et al. (2007) 
Asyut 2150-2050 BC Nile Valley -0.3‰ Iacumin et al. (1996) 
Kulubnarti AD 500-800 Nile Valley 2.3‰ Turner et al. (2007) 
Tombos 1400-1050 BC Nile Valley -0.5‰ Buzon and Bowen (2010) 
Casal 
Bertone 
AD 100-200 Rome -7.1‰ Killgrove and Montgomery 
(2016) 
Castellaccio 
Europarco 
AD 100-200 Rome -6.3‰ Killgrove and Montgomery 
(2016) 
Yamnaya 3500-2000 BC Eastern Hungary -11.2‰ Gerling et al. (2012) 
Yamnaya 3500-2000 BC Eastern Hungary -7.8‰ Gerling et al. (2012) 
 
 
There are some potential reasons for this type of migration inland. First, people living along 
the Byzantine coast may have migrated inland to Langobard territories for better economic 
prospects. German historians interpret the Germanic migrations as “bringing down an ineffective 
Mediterranean society,” and replacing it with a “martial society based on a proto-democracy of 
free peasants” (Halsall 2007, p. 11). Byzantine areas of Italy during Langobard occupation took 
land from small farmers for the military. In contrast, the Langobards altered the Byzantine tax 
system and allowed the lower class to retain more in surplus, which may have caused them to flee 
Byzantine tax collectors (Wickham 1981). The non-local individuals from Dueville are almost 
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equally male and female, with some older individuals than what was observed at Sovizzo. 
Burmeister (2000) mentioned that one reason for migration was economic prosperity. The types 
of burial goods found at Sovizzo and described in excavation reports from Dueville suggest a lower 
socio-economic status group (bone combs and knives). These burials may be representative of the 
agricultural population, and the migrants within these samples moved inland to Langobard 
territories for a chance of economic freedom. The oxygen stable isotope results from bone suggest 
that many individuals moved within the last 10 years of life, which supports this hypothesis.  
Second, these individuals could have been enslaved by the Langobard population during 
the many conflicts that arose with the Byzantines, suggesting coerced or involuntary migration 
(Anthony 1997). The Langobards and Byzantines were in conflict from AD 569-610, a span of 
over 40 years. In AD 636, the Langobards renewed their campaigns against the Byzantines on the 
coast, capturing Liguria to the northwest, and Altino and Oderzo to the northeast, near Venice. In 
AD 680, a formal peace treaty was signed between the Langobards and Byzantines (Christie 1995, 
1990; Paul the Deacon, Historia Langobardorum ca. AD 787-789; Shulz 2010). The Byzantines 
would still maintain control of Rome, Naples, and Ravenna, with Rome and Naples having lighter 
isotope values (<−6‰) (Giustini et al. 2016). However, some of the non-local individuals had 
associated grave goods, so this argument may not apply to all/any of the non-local individuals.  
Overall, when looking at the demographics of the non-local individuals, there was variation 
between the sites. The majority of non-local individuals from Sovizzo were male (67%) and were 
all non-regional migrants. In addition, those individuals that could be aged were young adults 
(83%). This conforms to Burmeister’s (2000) idea that young men were more likely to migrate, 
and also the idea that these were individuals involved in trade with the Byzantine Empire. At 
Dueville, there appeared to be more regional migrants within the samples, suggesting either an 
269 
 
enslaved Roman/Byzantine population, or individuals moving into Langobard territories for better 
economic conditions. The dietary analysis on these individuals can further explore these 
possibilities. 
 
10.3.3 Local and Non-Local Diet 
 A second component of this research was to see if there was variation in diet between the 
local and nonlocal population by looking at 13Cen and 
13Cco and 
15N dentin values during 
childhood, and 13Cco 
15N, and 13Cap values in adulthood. The site of Sovizzo, comprised of 
mostly non-regional non-local migrants, did not show significant variation in 13Cen values. This 
could be due to similarities in foods produced and consumed. For example, northern Africa 
supplied the Roman Empire with grain for a significant period of time, and still traded with the 
Byzantine Empire, which could have led to the consumption of similar foods as children. While 
there were no significant differences, 13Cen data from the non-local individuals at Sovizzo 
averaged −8.5‰, and −7.7‰ for locals, suggesting non-locals consumed more C3 resources during 
childhood. In addition, this trend was continued into adulthood, as there were significant 
differences between 13Cap values from bone, suggesting they continued to eat more C3 resources 
than the local population. These differences in C3 consumption could be due to cultural variation 
or preference. 
The two non-regional non-local individuals identified by the IQR method with the highest 
oxygen values had drastically different 13Cap values. The female with the lowest 
18O signature 
(−0.5‰) had the most negative 13Cen (−11.8‰) and 
13Cco(dentin) (−19.3‰) values, and a high 
15N(dentin) (9.5‰) value suggesting an early diet of C3 terrestrial plants and animals. Bone values 
suggest a transition to the local diet; however, with more contributions of C3 resources than the 
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majority of the sample. The male had a very low 13Cen value (−5.5‰) with a 
13Cco(dentin) (−15.4‰) 
and 15N(dentin) (8.5‰) suggesting a diet heavy in C4 resources. As both C3 and C4 plants were 
cultivated in North Africa, this could be a matter of socioeconomic differences or differences in 
origin. For example, historical writers described the importance of millet in Gaul, Sarmatia, and 
the Sudanese in Nubia, in addition to Ethiopians (Murphy 2015). Also, sorghum, another C4 plant, 
was an African crop found in Nubia and southern Libya (Murphy 2015).  
At Dueville there were no significant differences between non-local and local individuals 
for any isotopic value, which was not surprising if these individuals were regional migrants. 
However, the one IQR non-regional migrant does have one of the lowest 13Cen values (−5.1‰) 
and 13Cco of −15.0‰ and 
15N of 9.2‰, either suggesting early consumption of fish or high 
protein diet on millet foddered animals. As many Germanic tribes were not known to consume 
fish, it seems the latter explanation is more probable. This individual’s bone values suggest a 
decline in protein resources (13Cco −15.0‰, 
15N 8.5‰, 13Cap 6.2‰) and more of a direct 
consumption of C4 resources over time, signifying they assimilated into the local population.  
 
10.4 Diet in the Veneto 
This research focused on the Veneto to understand the regional changes that occurred from 
Late Antiquity to the Early Medieval period with the Langobard occupation. Regional variation in 
diet has been recorded in previous isotopic studies, and this is the first isotopic study from northern 
Italy that compares Late Antiquity to the Early Medieval period. The isotope results showed 
significant differences in all isotopic values across time, with some interesting trends from Late 
Antiquity to the Early Medieval period. These trends include a reduction in fish consumption (if 
any) and shift from a mainly C3 terrestrial diet to one that incorporates significant amounts of C4 
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resources, both directly and indirectly through the consumption of animals. This supports findings 
in the archaeological record, which showed an increase in the production of C4 plants, such as 
millet and sorghum, and millet residue on cooking vessels (Ganzarolli et al. 2018). In addition, the 
results also showed no significant differences in dietary resources between males and females, 
which has been found in other isotopic studies in Italy, suggesting similar access to resources 
(Ciaffi et al. 2013; Iacumin et al. 2014; Killgrove and Tykot 2013, 2018). Lastly, there were no 
significant differences in burial good presence/absence or type, potentially indicating that burial 
treatment did not equate to social status, or that social status wasn’t reflected in diet. Why do we 
see these changes in diet? Below is a discussion of the possible reasons we see a shift in cultivation 
and dietary practices. 
 
10.4.1 Socioeconomic Status  
According to Adamson (2004), millet was consumed primarily in the form of porridge, or 
coarse unleavened bread during the Roman period. Ancient texts described millet bread as eaten 
with distaste, with little nourishment, often boiled with lard, olive oil, or milk; however, there were 
some disagreements amongst taste (Murphy 2015). In general, millet was viewed as a low status 
cereal, and mainly consumed by the peasant and slave populations in Italy (Garnsey 1998; Murphy 
2015; Spurr 1983).  
There was minimal isotopic evidence to support this grain was commonly consumed during 
the Roman period, and archaeological remains show small proportions in comparison to other 
crops (Ganzarolli et al. 2018; Spurr 1983). Isotopic studies from the Roman period show isolated 
incidents of the consumption of C4 plants, with the majority conforming to a traditional C3 diet 
with variations in contributions of fish and animal proteins (Craig et al. 2009; Killgrove and Tykot 
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2012; Prowse et al. 2004; Rutgers et al. 2009). However, in Italy, Killgrove and Tykot (2013) 
found a few individuals from Castellaccio Europarco with significant C4 contributions in the diet, 
which the authors suggest were due to socioeconomic differences. In addition, isotopic studies 
around the Roman Empire (outside of Italy) show very little evidence of millet consumption, with 
only one known individual consuming C4 resources from Roman Britain (Pollard et al. 2011). 
Studies from Britain, Tunisia, and Byzantine Greece show a traditional C3 terrestrial plant and 
animal diet (Borstad et al. 2018; Keenleyside et al. 2009; Murphy 2015).  
The Late Antiquity sites utilized in this research do not show significant contributions from 
millet, which may be due to its poor social status discussed above (Adamson 2004). While the 4th 
century AD site of Peschiera contained no evidence of burial goods, Riformati St. and San Basilio 
contained burials with everyday objects (glass cups, lamps, ceramics) indicating a social class 
above the lower socioeconomic class. These sites have the highest nitrogen values in the sample 
suggesting higher protein diets than the Early Medieval period sites. The lack of millet in the diet 
may be due to a higher social standing of the occupants at the sites. 
Adamson (2004) suggests that during the medieval period, millet was eaten by peasants 
and the poor in soups and porridges, or used as animal feed, while bread wheats were given to 
landlords (Spurr 1983). The use of millet as animal feed was confirmed by the faunal analysis in 
this study, which showed many of the cows and chickens from the Veneto consumed C4 resources. 
In addition, Ganzarolli et al. (2018) found evidence of millet in cooking vessels from the Early 
Medieval period in Padova, supporting its use as an important component of daily diet. For higher 
social status individuals, upper class cookbooks rarely mention millet, and physicians criticized 
the cool/dryness of millet, suggesting it had a constipating effect and low nutritional value unless 
prepared with other easily digestible foods (such as milk or broth) (Adamson 2004; Murphy 2015). 
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Other historical sources from other areas during the medieval period, such as northern Spain, 
indicate that millet was tax exempt and not used to pay rents, which Ganzarolli et al. (2018) 
believes reinforces its use as a low status food source. In addition, an isotopic study from the site 
of Trino Vercellese (northwestern Italy) during the medieval period showed lower status 
individuals (based on burial type) had some contributions from millet (four individuals have 13Cco 
values from −18.0‰ to −17.5‰); though most had a mainly C3 diet (Reitsema and Vercellotti 
2012). 
Montanari (1999) suggests that diet during the medieval period consisted of a variety of 
food at all social levels. In addition, he says there was a significant intake in animal and vegetable 
products among lower socioeconomic classes, suggesting the peasant classes had a balanced diet, 
differing from the cereal and low protein diet of the past. Italian monasteries also described 
improvements in peasant diet, with better nutrition, and inclusions of vegetables, meats, and fish 
(Barbiera and Dalla-Zyanna 2009). The results from this study do not support this picture of better 
nutrition and diversity in resources, as many of the individuals during the Early Medieval period 
show diets high in C4 cereals and low in animal protein. Millet was directly consumed by a 
significant portion of the individuals from Sovizzo, Dueville, Bardolino, and Desmontà and 
indirectly incorporated by some individuals who consumed animals foddered on this cereal. In 
addition, Sovizzo and Dueville show changes in diet over the course of these individual’s lives. 
When looking at the protein component of the diet, there was a significant difference in trophic 
level protein. Specifically, individuals from both sites showed reduced nitrogen levels in their bone 
values (more pronounced in females), suggesting incorporations of plant-based resources over 
time, which was also reflected in the apatite values. In terms of plant resources consumed, apatite 
values show a shift to more positive values indicating more inclusions from C4 resources. These 
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isotope values also suggest that an increase in dairying during the medieval period did not apply 
to all areas. The reduction in nitrogen values in these samples may be a reflection of a decrease in 
milk consumption from childhood to adulthood (Katzenberg 2008; Schurr 1998). This could be 
tested using DNA in a future study. 
In addition, legumes were also considered food for the lower class in medieval Europe, in 
addition to being consumed by monks, which could also explain the low nitrogen values found in 
the Early Medieval samples in this study (Adamson 2004). Field beans were the dominant species 
found in paleobotanical remains from the Early Medieval period, a continuation from its 
production in Roman times. In addition, lentils, peas, and chickling are also recorded, with peas 
serving in imitation meat dishes for Lent (Adamson 2004). Most of the burial goods found at 
Sovizzo and Dueville (bone combs and knives) belong to the lower class (Rigoni et al. 1988; 
Carrara 2012). This suggests a lower status population under considerable stress if millet and 
legumes were a main staple of the diet. 
Interestingly, the burials from Bardolino suggest high status Langobards (weapons burials), 
though the 13Cco, 
15N and 13Cap values suggest an incorporation of C4 resources. While 
15N 
values indicate inclusions of pig, the carbon values are higher suggesting the values are not directly 
related to the consumption of animals and indicate the presence of directly consumed C4 resources 
in the diet. Desmontà also had three individuals with C4 incorporations, suggesting that across the 
region populations were consuming millet. As there is variation in the burial goods at each site 
(high status, low status, and perhaps Christian Romans from Desmontà) there may be an additional 
explanation for the consumption of millet other than specifically related to socioeconomic status. 
One explanation is that socio-cultural influences played an important role in its use in the diet, 
affecting all individuals during the transition to the Early Medieval period. 
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10.4.2 Sociocultural Changes in Diet  
Scholars studying the production and consumption of food during the medieval period 
stress a shift from the traditional Roman state of long-distance trade and urban commercialized 
production and markets to a self-sufficient production and consumption system (Montanari 1999). 
Late Antiquity saw an economic downsizing in trade amongst the Mediterranean, with a regional 
focus on food production (Brogiolo 1996). Originally, the political economy was focused first on 
defense, and second on ensuring politically important groups did not starve (especially in Rome 
and later Constantinople). Thus, annona, or state funded food supplies in the form of grain, olive 
oil, and meat, were provided from long distance trade with North Africa and supported through 
heavy taxation (Cleary 2013). With the Great Germanic Migrations (4-6th centuries AD), Roman 
provinces outside of Italy were increasingly isolated from the peninsula, decreasing the trade of 
exotic goods, wheat from North Africa, and Spanish oils and wine (Montanari 1999). This decrease 
in trade was seen archaeologically with a decline in imported amphora and a reduction in 
shipwrecks during the 4th and 5th centuries into the 8th century AD (Ganzarolli et al. 2018). In 
addition, pottery found in the Veneto from the 7th century AD show imitations of red slipwares 
(traditionally from Africa) and locally produced cooking and coarse wares, again supporting the 
idea of shifts from imported resources to self-sufficient localized production (Ganzarolli et al. 
2018; Montanari 1999).  
With the Langobard arrival in AD 568 and subsequent reign into the 8th century AD, there 
was no evidence that the Langobards had established long-distance trade networks with North 
Africa or other Mediterranean regions. Langobard law codes and historical documents do not 
describe trade in detail, but do suggest there were some exchanges with Byzantine occupied areas 
(Drew and Peters 1973). The initial urban towns during the Roman period that focused on markets 
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containing luxury goods became ruralized, with self-sufficiency, production and then 
consumption, becoming the traditional food system in the medieval period (Montanari 1999). A 
decline in cattle has been interpreted as a link to diversification in agricultural production, as wheat 
cultivation significantly declines in the Early Medieval period, and small plots of various 
vegetation could be managed by people, instead of animal labor (Rottoli 2014). The increase in 
woodlands and chestnut groves within the lowlands favored pigs, which Rottoli (2014) and 
Montanari (1999) suggest was influenced by the customs of the newly-arrived Langobards. The 
increase in woodlands could explain why the pig faunal remains have traditional C3 diets with 
lower nitrogen values than the cows, as they foraged in the woodlands and not in millet foddered 
or manured areas.  
These changes created a new landscape, with fields, vegetable gardens, and woodlands 
dominating in urban settlements (Forlin 2013; Montanari 1999). This localization of production 
was predominant in Langobard occupied areas (Forlin 2013). For example, archaeological 
excavations from Trentino (northeastern Italy) showed a contraction of market-oriented cereal 
production to a mixed system of forest and pasture, with the cultivation of inferior grains (such as 
millet). These changes were a key economic element of the Langobard elite (Forlin 2013). With a 
reduction in taxes due to new barbarian leadership, farmers now had more freedom to produce and 
sell crops of their choice (Linn 2012).  
Changes in food production and consumption from Late Antiquity to the Early Medieval 
period have also been recorded in Padova, which was ~50 km southeast of Vicenza, and an area 
occupied by the Langobards in the 7th century AD. Paleobotanical and faunal remains found in this 
area showed a significant amount of broomcorn and foxtail millet, in addition to freshwater fish 
remains and an increase in poultry (and eggs). An increase in poultry correlates with historical 
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accounts of the Langobard “poultry farms,” described by Bona (1976). Ganzarolli et al. (2018) 
performed a lipid residue analysis on 22 cooking vessels found from Padova from Late Antiquity 
to the Early Medieval period Langobard occupation, and discovered that millet was in 19 (90%) 
of the cooking vessels. The scholars were unclear on the nature of millet preparation from some 
of these vessels (gruel, porridge or fermented beverages) but showed that many of the vessels were 
used to prepare millet with animal products and vegetables. They found evidence of millet 
consumption from the 6th century AD “high status” occupation and the 7th century AD “low status” 
occupation, suggesting it was not just consumed by the poor, slaves, or as animal feed. Millet was 
the most consistent food source found in these cooking vessels, further supporting its use as a 
staple or base during this period of time.  
In addition, there were traces in the two isotopic studies of Langobards from Hungary and 
Cividale of millet consumption. It does not appear that the Langobards brought millet cultivation 
to the area, although they consumed it in Hungary and Cividale de Friuli, which may indicate that 
it did not hold the same social insignificance to the Langobards as the Roman populations. As 
Anthony (1997) states, small numbers of migrants can instigate cultural and social changes, 
especially if those migrants obtain high social status, as the Langobards did. Therefore, this change 
in millet consumption, which corresponds to the Langobard arrival, could be connected, as similar 
trends occurred nearby in Croatia with Avar and Slav influence (Lightfoot et al. 2012).  
A study from Croatia, on the opposite side of the Adriatic Sea, complements the present 
study in that it also assessed the impacts that migrations had on incoming and indigenous groups 
across time. The study by Lightfoot et al. (2012) had similar results to what was seen in the Veneto, 
which suggests a transition to millet cultivation and consumption from Late Antiquity to the Early 
Medieval period. Croatia experienced similar changes as the Veneto, with the Avars and Slavs 
278 
 
ending Byzantine control in AD 640, separating the landscape (the Byzantines maintained control 
of the Adriatic islands). Faunal, botanical, and dental analyses suggest that carbohydrates were 
consumed more in the Early Medieval period, and a mixed farming strategy was implemented 
(similar to what was seen in the Veneto). The Slavs were known for cultivating millet, and isotopic 
values confirm a shift to significant millet consumption in the Early Medieval period. Lightfoot et 
al. (2012) propose this shift was due to Slav or Avar influence, a new socio-cultural view of millet, 
or a significant decline in the standard of living during the Early Medieval period. Lightfoot et al. 
(2012) found that social, cultural, and population changes were brought about by the arrival of 
migrating groups (Avars and Slavs) during the Early Medieval period, which can be linked to 
dietary shifts found in the isotopic, archaeological, and historical record. The Langobards had 
significant contact with the Avars and Slavs, which could have promoted millet production. 
The results of this study support a ruralization and localization of resources, as millet was 
predominately found in northern Italy during the Early Medieval period, and scarce in southern 
contexts (Castiglioni and Rottoli 2012). However, as previously mentioned in Chapter 6, millet 
has been recorded in the Veneto since the Bronze Age (Tafuri et al. 2018). Thus, perhaps what 
occurred in the Veneto was a reinvigoration of a regional practice utilizing millet that was common 
during the Bronze Age and Pre-Roman period in this particular region (Tafuri et al. 2018; 
Laffranchi et al. 2016). While millet has typically been known as low status and a famine food 
amongst the Roman population, it may have been reestablished as a staple food source in the 
Veneto during the Early Medieval period.  
When looking at previous isotopic research conducted in the Veneto, the isotopic values 
from Dueville and Sovizzo most closely align with the Bronze Age and Pre-Roman period sites 
from the Veneto (Verona Region). This is followed by the Early Medieval sites under Langobard 
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rule in the Udine, Cividale de Friuli (Iacumin et al. 2014; Tafuri et al. 2018; Laffranchi et al. 2016) 
(Table 37). This suggests millet was directly consumed across a significant period of time in the 
Veneto, except for during Late Antiquity (and potentially the Roman period, though no studies 
currently exist in this region). In present day Italy, millet is still grown for birdseed from the 
Piedmont, Lombardy, and Veneto (Spurr 1983). 
 
Table 37. Relevant average isotope values from comparative studies. (*) indicates sites with 
similar isotopic values (italicized).  
 
Site n Time Period Location Cco N Cap Reference 
*Olmo di 
Nogara 
64 Bronze Age Verona -14.9 9.3   Tafuri et al. 2018 
*Bovolone 24 Bronze Age Verona -15.2 9.4   Tafuri et al. 2018 
Mereto 1 Bronze Age Udine -20.2 7.4   Tafuri et al. 2018 
Sedegliano 2 Bronze Age Udine -17.7 8.3   Tafuri et al. 2018 
Monte 
Orcino 
19 Bronze Age Udine -19.6 8.7   Tafuri et al. 2018 
*Seminario 
Vescovile 
90 3-1st century BC Verona -15.3 6.9   Laffranchi et al. 2016 
Velia 117 1-2nd century AD Rome -19.4 8.7  Craig et al. 2009 
Isola Sacra 105 1-3rd century AD Rome -18.8 7.5   Prowse et al. 2004 
Gabbi 21 1-3rd century AD Rome -18.8 10.7  Killgrove and Tykot 2017 
Castellaccio 
Europarco 
12 1-3rd century AD Rome -18.5 9.5  Killgrove and Tykot 2012 
Casal 
Bertone 
36 2-3rd century AD Rome -18.2 10.0  Killgrove and Tykot 2012 
St. 
Callixtus 
22 3-5th century AD Rome -19.8 10.6   Rutgers et al. 2017 
Peschiera 7 4th century AD Verona -17.2 9.9 -10.6  
San Basilio 22 4-6th century AD Adria -19.5 10.7 -12.7  
Riformati 
St. 
6 4-6th century AD Adria -16.6 10.9 -9.8  
Albano 24 4-16th century 
AD 
Rome -18.7 8.4  Ciaffi et al. 2013 
Szólád 35 6th century AD Hungary -19.1 9.6  Alt et al. 2014 
*Romans 
d'Isonzo 
82 6-7th century AD Udine -16.4 8.4 -10.1 Iacumin et al. 2014 
Desmontà 6 6-7th century AD Verona -17.3 8.3 -9.9  
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Table 37 (continued) 
 
 
 
10.4.3 Environment 
 
Environmental change did occur during this period of transformation, which may have 
influenced the political economy in the Veneto. Forlin (2013) states that archaeological 
excavations from Trentino showed that significant transformations in the Early Medieval 
landscape correspond with a cooler and wetter climate, interestingly at the same time as the 
Langobard arrival. Langobard sites in the area were generally found in the valley floor, terraces 
and hilltops, and some areas of previous Roman occupation located away from flooding sources. 
The uphill settlements were integrated within a mixed farming framework, which Forlin (2013) 
argues may be due to hydrogeological instability on the valley floors, forcing new land exploitation 
strategies.  
In terms of millet production and consumption, the environment seems unlikely to have 
influenced an increase in this cereal production. Millet is often associated with warm temperatures, 
and environmental data suggests a transition to a cooler and wetter climate from the Roman to 
Early Medieval period; however, Italian and common millets have been found to be more resistant 
to the cold (Lightfoot et al. 2012; Spurr 1983). Millet can withstand intense heat, poor soils, and 
Site n Time Period Location Cco N Cap Reference 
*Sovizzo 50 6-8th century Vicenza -15.8 8.5 -9.1   
*Dueville 50 6-8th century Vicenza -14.5 9.9 -6.9   
Bardolino 7 6-8th century Verona -17.1 9.3 -9.6  
S. Stefano 11 7th century Udine -17.3 8.5 -11.9 Iacumin et al. 2014 
*Galo 7 8th century AD Udine -16.5 8.7 -10.7 Iacumin et al. 2014 
Trino 
Vercellese 
30 8-13th century 
AD 
Vercelli -19.2 9.2  Reitsema and Vercellotti 
2012 
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droughts, and grows well in areas with short rainy seasons (Spurr 1983). In addition, it can grow 
in areas not suitable for wheat, such as sandy (Po Plain) or wet soil, and foggy areas, with higher 
yields in well-watered soils. As rainfall increased during the Early Medieval period, this may have 
been a more stable cereal to grow (Murphy 2015; Spurr 1983). However, it seems unlikely that 
this environmental change is the direct cause of this shift in cultivation practices, as C4 plants have 
been grown in this area since the Bronze Age.  
 
10.4.4 Where are the fish? 
 As outlined in Chapters 4 and 6, fish have been an inconsistent food source amongst Roman 
and Medieval populations. In some cases, certain fish were prized, while in others they were seen 
as a sign of destitution (Lightfoot et al. 2012; Borstad et al. 2018). With the rise of Christianity in 
the medieval period, many scholars believed the intake of fish would increase due to abstinence 
from meat during fasting days (Borsdat et al. 2018; Ciaffi et al. 2013; Salamon et al. 2008; 
Reitsema and Vercellotti 2012). Fasting days were usually Wednesdays and Fridays, and extended 
periods for Lent, Pentecost, the Feast of the Virgin, and Christmas (Borstad et al. 2018). However, 
research suggests this does not occur until later in the medieval period (Salamon et al. 2008). 
The samples in this study from Late Antiquity show the consumption of both freshwater 
and saltwater fish. Individuals from San Basilio consumed freshwater fish, which was not 
surprising given its location near the mouth of the Po River. In addition, individuals at the site 
were associated with the development of a church; possibly indicating fish was used for monastic 
purposes. Those from Riformati St. show possible saltwater fish consumption, suggesting the 
utilization of fish from the Venetian Lagoon or Adriatic Sea. Neither site shows significant 
282 
 
differences in burial goods, suggesting socioeconomic status did not influence the type of fish 
consumption, but cultural preferences possibly related to religious practices did.  
The Early Medieval period sites used in this study show no evidence of fish consumption. 
This was interesting since two of the sites (Bardolino and Desmontà) were close to a large body 
of water (Lake Garda). Other isotopic studies from Italy (Lightfoot et al. 2012; Prowse et al. 2004, 
Salamon et al. 2008, Craig et al. 2009; Rutgers et al. 2009) and Britain (Chenery et al. 2010; 
Muldner and Richards 2007; Richards et al. 1998; Jay and Richards 2006; Stevens et al. 2010) 
show similar trends over time, where the utilization of marine resources was little to none in the 
Early Medieval period. There was a possibility that garum, a common fish sauce, was consumed. 
Tracy Prowse (2004) tested garum samples from the 2nd century AD site of Olbia, Sardinia, and 
found values to be 13Cco −14.7‰ and 
15N 6.5‰, suggesting that low trophic fish was sometimes 
used in its composition. 
Previous isotopic research on Christian diets in Italy showed variation and inconsistencies 
in the idea of asceticism and fish consumption. For example, Rutgers et al. (1999) found evidence 
of an increase in freshwater consumption amongst an Early Christian catacomb dating to Late 
Antiquity, while Salamon et al. (2008) found a shift in marine consumption only in the Later 
Medieval period. In addition, Reitsema and Vercellotti (2012) found no evidence of fish 
consumption at Trino Vercellese (8-13th century AD) located near a medieval church. The 6-7th 
century AD site of Desmontà suggests that legumes, not fish, formed an important component of 
monastic diet. The burials from Desmontà were located near a church, and only one individual had 
burial goods, indicating these individuals may have practiced asceticism, abstaining from meats 
and mainly relying on bread, legumes, and vegetables (Gregoricka and Sheridan 2013). 
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The Langobards were considered religiously flexible; however, there were periods where 
military operations included taking possession of churches and episcopal palaces during 
Langobard conflicts with the Roman Church (Bona 1976). It was common for two bishops to 
reside in most cities, an Arian and Catholic, as the Langobards did not fully convert to Christianity 
until the 8th century AD. The general impression was that the Langobards used religion as a 
political tool, becoming Christian and Catholic allies, and reverting to Arianism as a Byzantine 
boycott (Wickham 1981). However, we see a transition in religious tolerance to penalty over the 
course of the Langobard law codes with a shift from Arianism to Catholicism amongst the 
Langobard kings (Bona 1976; Paul the Deacon, Historia Langobardorum ca. AD 787-789; Christie 
1995; Drew and Peters 1973). 
The Langobard laws may have therefore influenced the consumption of fish in the local 
population under Langobard rule. There is no real record of fishing being an important aspect of 
Langobard food practices, and the previous isotopic studies on the Langobards confirm a lack of 
fish as a dietary resource (Alt et al. 2014; Iacumin et al. 2014). At the Langobard occupied site of 
Collegno, there is a transition from a military post to an agricultural village that eventually is 
converted to Christianity (Brogiolo and Arnau 2008). Perhaps a similar effect would happen at 
Sovizzo and Dueville, with the current population consisting of an agricultural village.  
 
10.4.5 What is the Extent of Langobard Influence? 
 
This study showed significant changes in the diet of the Early Medieval populations, but 
how much of it was due to the Langobards themselves? The results suggest a standardization of 
diet during the Early Medieval period in the Veneto. As populations in the Veneto were 
reorganizing after the collapse of the Roman market system, a new population migrated and 
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transitioned into power. This new political power, the Langobards reduced the burden of taxes 
traditionally used to fund the military. The Langobard military was supported by settlement on 
their own land, shifting the relationship between state and society that existed under Roman and 
later Byzantine rule (Wickham 2981). This allowed local communities to have more autonomy in 
cultivation practices, while the Langobards transitioned some areas of land for animal husbandry 
practices (Bona 1976).  
Overall, the Langobard economy was focused on ruralization and local production, rather 
than large urban market systems, taxes for the military, and international trade. This reorganization 
and change in the political economy erased the burden of wheat production for surplus and export, 
and instead allowed local communities more freedom in production (Bona 1976; Erickson 2006). 
This would support the archaeological evidence which suggests the local communities did not 
resist, nor flee, after the Langobard arrival (Kiszely 1979; Christie 1991). Instead, the results from 
this study show people migrating into Langobard regions from the coast. Gregory the Great wrote 
in AD 595 that landowners were fleeing to the Langobards due to Byzantine tax collections. In 
addition, Wickham (1981) says that, “villages engaged in collective action were usually those in 
marginal areas, with some co-operative economic activity” (Wickham 1981, p. 121). Sovizzo and 
Dueville fit this village model, as the organization of the cemeteries, and heterogeneity of the 
individuals buried at the site indicate that regardless of sex, class, or ethnic background, the 
opportunity for economic productivity forged a collective community.  
The Veneto shows a localization of millet consumption. This localization was confirmed 
by the paleodietary analysis. Diet did not differ by sex, and was not restricted to one socioeconomic 
group, as all sites in the Veneto during the Early Medieval period show evidence of millet 
consumption, regardless of burial status. The data suggest the Langobards are not solely 
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responsible for the uptake in millet cultivation, but instead, they encouraged a practice that was 
already present. This was not a new crop to the region, however historically it was considered a 
low status food source and unappetizing by the elite. Previous isotopic research on the Langobards 
shows the incorporations of C4 resources in the diet. In addition, a similar trend is seen in Croatia, 
where Slav and Avar influence suggest a cultural transformation in dietary practices. I argue that 
the Langobards helped reestablish millet as a common food source in the region.  
Millet has a short growing season (60-90 days), is sowed in spring and harvested late 
summer, has a high yield, and can be stored for up to a year, making it a more versatile crop 
(Ganzarolli et al. 2018; Murphy 2015; Spurr 1983). In addition, millet is a heavy grain that can 
produce a lot of food (both bread and mixed with water for porridge) and was known as a good 
appetite satisfier, which may have become culturally preferred in this region (Murphy 2015). 
Columella (2.9.19) described millet as “a food not to be despised even in time of plenty” (Spurr 
1983, p. 10). Thus, food preferences can be altered by environment, preparation, and culinary 
transformations, which may be what is seen in the Veneto (Murphy 2015).  
These results suggest that initial interpretations of a Langobard invasion and violent 
enslavement of the local population is not an accurate picture of what occurred in the Veneto. 
Instead, it is similar to what is seen in 17th century Hungary, where Germanic groups, Hungarians, 
and Romanians experienced reciprocal acculturation and the standardization of material culture 
(Burmeister 2000). Over the course of the Langobard occupation, the Langobards integrated into 
aspects of the local community. This is seen in the Romanization of Langobard burial goods, the 
conversion to Christianity (over time), and communal cemeteries. In addition, the Langobards 
contributed to the restructuring and reorganization of the population and the economy in the 
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Veneto. The Langobards created a new socio-political structure that incorporated Langobard and 
Roman traditions and transformed the landscape with new subsistence strategies.  
 
 
10.5 Limitations of this Study 
There were many limitations to this study, including sample sizes, lack of burial records 
and sites reports, funding, and overall limitations in methodology. Many of the supplemental sites 
used in this research had small sample sizes (Peschiera, Desmontà, Bardolino, and Riformati St.); 
however, they were pooled by geographic region and time period to eliminate some of the issues 
with interpreting results. The samples collected from Sovizzo and Dueville were most likely not 
representative of the population at large, as many of the samples excavated in the past have been 
lost. Therefore, the dietary changes discussed above may be influenced by variations in 
socioeconomic status that are not necessarily reflected in the samples. In addition, burial good type 
and presence and absence was not shown to produce any significant differences between the sites; 
however, some of the sample sizes were small, and some sites did not have recorded burial goods 
for comparison (Dueville). Therefore, some of these changes may reflect different levels of 
socioeconomic status that are unknown, complicating the interpretation of the data.  
In terms of methodology, there are limitations to stable isotope analyses. For example, 
utilizing oxygen isotope analysis for migration studies in archaeology is not straightforward. The 
process of interpretation requires the conversion of values from carbonate to phosphate, and 
phosphate to drinking water, which has been shown to introduce error, though the measurement 
itself is not error prone. Pollard et al. (2011) found error ranges from 1.0‰ to 3.5‰ using the 
various equations previously discussed, and suggest developing regional phosphate datasets 
(which currently do not exist). Chenery et al. (2012) does mention that this error is not greater than 
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that from a direct analysis of phosphate; therefore, drinking water values are still used to derive 
geographic origin.  
In terms of diet, isotopic analyses cannot answer questions about the quality of foods (cuts 
of meat) or occasional consumption of high-status foods and fish, as they distinguish between only 
broad food categories. Thus, the minimal consumption (such as fasting one day a week) of certain 
foods may not significantly influence dietary isotopes (Craig et al. 2009; Reitsema 2013). In 
addition, milk is indistinguishable isotopically from other meat products, so the interpretation of 
these values is usually referred to as terrestrial mammal protein (Hedges and Reynard 2007; 
Minagawa 1992).  
Prowse et al. (2004) found carbon and nitrogen trends that were different from other 
traditional marine consumers, even though they suggest a strong marine component to the diet of 
individuals at Isola Sacra. This could be due to the different trophic level of fish and protein rich 
foods, such as bread, impacting the 13Cco component of the diet. Also, Reitsema and Vercellotti 
(2013) found a varied range in their nitrogen isotope values with a small range for carbon, which 
could potentially be due to the consumption of small amounts of freshwater fish. However, they 
admit it is a challenge to detect some freshwater fish that have similar values to terrestrial animals. 
Freshwater ecosystems vary in carbon and nitrogen, thus investigating the impact of freshwater 
fish to the diet of northern Italians would require site specific aquatic fauna for comparison (Ciaffi 
et al. 2013). While this study did produce samples for comparison, they were modern and funding 
limited the amount of samples run for comparison. However, the modern samples were young, 
recently hatched, which means they were restricted to the lagoon, delta, and wetlands of the Veneto 
and should have provided accurate values for these areas. 
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10.6 Conclusion 
 This discussion summarized the migration and dietary analyses performed in the Veneto, 
and the limitations of the research. The conclusions derived from the results in this study suggest 
that Sovizzo and Dueville samples consisted of the local agricultural community in the area, with 
non-regional and non-local individuals coming from Byzantine occupied areas. This migration 
may have been due to the appeal of a new ruling presence with different socio-political strategies 
than the Byzantine system. It appears that there was a significant shift in economic processes 
during the arrival and occupation of the Langobards. The landscape, paleobotanical, and faunal 
record all indicate climatic and food production changes in the Veneto. In addition, the biochemical 
analysis performed on the human remains from this region suggest that millet became an important 
dietary resource within the Veneto.  
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CHAPTER 11: CONCLUSION 
 
The impact and influence of the Great Germanic Migrations within Europe are still being 
debated. Some historians describe the collapse of the Western Roman Empire as a product of 
barbarian invasions resulting in the destruction of civilization (Halsall 2007; Christie 1995; Noble 
2006). Others downplay the significance of these migrating populations, and suggest the Empire 
was undergoing a period of transition (Goffart 2009; Noble 2006; Wickham 1981). As many 
modern states are named after these barbarian groups (ex. Lombardy, Scotland, France), it is clear 
that despite these debates, these populations played a significant role in history (Halsall 2007; 
Jones 1997).  
The Langobards were a multiethnic cultural group that migrated from lower Saxony into 
Pannonia and eventually entered Italy in the 6th century AD, establishing a kingdom for two 
centuries. However, not much is known about the life of the Langobards, or individuals under their 
rule. Historical records are biased towards the elite, or were written centuries after the events 
occurred (Paul the Deacon, Historia Langobardorum ca. AD 787-789). In addition, most research 
on the Langobards was conducted on burial good assemblages and reconstructing chronologies 
and socioeconomic status, with limited research on skeletal remains (Giostra 2011; Kinszely 
1979). Recently, new archaeometric methods have been employed to address larger questions 
about the Langobard migration and impact. For example, Amorim et al. (2018) used aDNA to 
identify a potential Langobard population in Hungary and northern Italy, which fits within the 
historical timeline of their movement. Others, such as Iacumin et al. (2014) and Alt et al. (2014) 
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have used stable isotope analyses to identify non-local (Langobard) populations, and understand 
dietary variation. These researchers found that the Langobards and the populations under their rule 
consumed millet.  
The goal of this research was to conduct stable isotope analyses on human remains from 
Late Antiquity to the Early Medieval period in the Veneto, Italy, to understand the local 
implications for diet with the Langobard occupation. During Late Antiquity, populations in the 
Veneto experienced episodes of the Justinian Plague, a heavy tax burden, and war. This led to the 
depopulation of the landscape, reorganization of settlements, and a shift to a more self-sufficient 
economy. Thus, the Langobards arrived into an area experiencing instability. How did this 
migration impact the political economy in the Veneto? To address this question, stable isotope 
analyses were conducted on remains from the 4-8th century AD.  
The first goal was to identify non-local Langobards within two 6-8th century AD cemeteries 
in Vicenza (Sovizzo and Dueville). The results from the oxygen isotope analyses only found two 
individuals that could potentially be a migrating Langobard, suggesting that the cemeteries were 
utilized by various sectors of the population in this region. It is estimated that 150,000 Langobards 
migrated in the region, and cemeteries across northern and central Italy show the Langobards 
buried their dead with local populations. The results from this research also show an integrated 
cemetery, even though many of the remains designated as Langobard have since been lost (Christie 
2006; Giostra 2011; Jorgensen 1991; Rubini and Zao 2011). However, there was considerable 
migration from other areas into the region. Non-regional migrants from as far as North Africa or 
Greece appear in the sample, possibly in relation to trade with the Byzantine coast. In addition, it 
appears that regional migration was common, with individuals coming inland from coastal areas. 
Are these Roman/Byzantines from the coast looking for a new life? Are they slaves? The dietary 
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analyses in conjunction with burial goods shed more light on the people in the Veneto during 
Langobard occupation.  
The second goal was to evaluate any differences between non-local and local individuals 
buried at Sovizzo and Dueville, and the third to look at overall changes in diet over the course of 
an individual's life. The results showed no statistically significant differences in early diet between 
local and non-local individuals; however, there were some general trends. Non-local individuals 
consumed more C3 resources with more protein earlier in life than locals. In general, the samples 
from these two sites show a shift in trophic level, with a decrease in protein over time, and the 
inclusion of C4 resources. 
The fourth and fifth goals were to evaluate changes in diet in the Veneto from Late 
Antiquity to the Early Medieval period, and to assess sex and status differences. The results 
showed a shift from traditional C3 terrestrial and fish consumption in Late Antiquity to one 
predominantly reliant on C4 terrestrial resources. The isotope values indicate the direct 
consumption of millet and/or sorghum, and animals foddered on millet. It appears that millet was 
a regional staple in the Veneto from the Bronze Age, decreasing in consumption during the Roman 
period, perhaps due to its social stigma and international trade (ports in the north). However, with 
a breakdown in trade and large urban markets, it was again utilized in this region as a staple food. 
This resurgence can be interpreted in multiple ways. It could be indicative of an economically 
stressed population, struggling with the impact of war, the plague, and the Langobard occupation, 
or it could signify a social change. The burial goods are variable, suggesting high status, low status, 
and possibly Christian Romans, although all show contributions from C4 resources. These results 
mirror what was seen in Croatia with the arrival of migrating Slavs and Avars. The Slavs and 
Avars influenced the diet in the region, with an increase in millet production and consumption. 
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The Langobards had connections to both of these populations before and during their migration 
into Italy, which could have influenced the economy in the Veneto. In addition, millet was still 
consistently consumed by populations after the Early Medieval period, until it was replaced by 
maize (Lugli et al. 2017). Interestingly, the statistical results from this research showed no 
significant differences in socioeconomic status or sex, though females overall showed a decline in 
protein during the Early Medieval period. Thus, a sociocultural shift is a likely explanation for the 
changes seen in the Veneto, and one in which the Langobards and Romans integrated within. Millet 
appears to have been a standard component to the diet in the Veneto regardless of sex or class.  
The results of this research show that definite changes occurred during the Early Medieval 
period that had a significant effect on the diet of people in the Veneto. According to historical 
records, the political economy changed with the arrival of the Langobards, who altered the social 
hierarchical structure, creating dukedoms, and limited taxes on the peasant communities (Christie 
1995; Paul the Deacon, Historia Langobardorum ca. AD 787-789). This change in the political 
economy coincides with a shift in the archaeological record, which shows environmental, 
settlement, and land organization changes related to economic production and consumption (Forlin 
2013). The localization of production and consumption, with a system of self-sufficiency, emerged 
during Late Antiquity continuing into the Early Medieval period with the arrival of the 
Langobards. This is shown in Trentino, northern Italy, with a new forest management system of 
mixed wild farming (Forlin 2013).  
This interpretation is important considering the current political climate in Europe and the 
United States regarding migration. Many of the early states to emerge in the early 19th century 
have claimed certain rights, such as defining territorial boundaries, and who gets to live within 
them. This is based on historical events that happened during the Great Germanic Migrations 
293 
 
(Noble 2006). For example, in Germany during the 18th and 19th centuries, Volksgeist, or the 
“national spirit” grew in the 20th century when Nazi ideologies claimed territories that were once 
inhabited by Germanic peoples (Noble 2006). Currently, immigration is viewed as a challenge to 
the traditions of an area, inciting nationalistic ideologies (Noble 2006). In Europe especially, the 
development of ant-immigration xenophobic political parties has seen an increase in support since 
1992 (Abbondanza and Bailo 2018). In the Veneto, this is seen in nativist activism regarding 
national and cultural identity, which in turn is leading to ant-immigration politics (Perrino 2013, 
2015).  
This research has broad implications for modern perceptions of immigration, and not only 
in Europe. It aimed to understand a period of cultural transition in an area under economic decline, 
and move away from traditional discourse related to Roman versus barbarian. The data in this 
dissertation do not support a violent oppressive new political power, but a dynamic, progressive 
transition to a new socioeconomic system after the collapse and unsustainability of the previous 
Roman one. It supports the idea of a transitional period in history, where the Langobards and local 
populations in the Veneto integrated into a new political, social, and economic system which 
contained elements of Roman and Langobard culture.  
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APPENDIX A: LIST OF INDIVIDUALS 
 
Table A1. All of the individuals that were documented for all of the sites, including those that were not sampled for isotope analyses.  
ID # Site Sex Sampled Bone Tooth Age Goods Type Notes 
132 Sovizzo N/A No N/A N/A Subadult No N/A   
133 Sovizzo N/A No N/A N/A Subadult Yes Slag of iron   
134 Sovizzo N/A No N/A N/A N/A No N/A Fragmented, had iron 
buried with it 
135 Sovizzo PM Yes R. femur RP3 35-50 Yes Ceramics   
138 Sovizzo PM No L. femur N/A Adult No N/A   
143 Sovizzo PF Yes R. femur N/A Adult Yes Tip shear in iron   
144 Sovizzo PM Yes R. femur N/A Adult No N/A   
145 Sovizzo N/A No L. femur RP3 Adult Yes Iron knife   
146 Sovizzo N/A No N/A N/A Subadult Yes Bone comb and 
iron knife/2 iron 
pieces 
  
147 Sovizzo PF Yes Ribs RP3 Adult No N/A Shovel shaped incisors 
148 Sovizzo N/A No N/A N/A Subadult No N/A   
149 Sovizzo N/A No N/A N/A Subadult No N/A Fragments 
150 Sovizzo PM Yes L. femur LP4 35-50 No N/A   
151 Sovizzo N/A No N/A N/A Adult No N/A Cranial fragments 
152 Sovizzo F Yes L. femur LP3 Adult No Bone comb and 
knife 
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Table A1 (continued) 
ID # Site Sex Sampled Bone Tooth Age Goods Type Notes 
153 Sovizzo N/A No N/A N/A Adult No N/A Comingled, 2 adults and a 
subadult 
155 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
158 Sovizzo M No N/A N/A Adult No N/A   
159 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
162 Sovizzo N/A No N/A N/A Adult No N/A Only feet 
164 Sovizzo N/A No N/A N/A Subadult No N/A   
165 Sovizzo PF No N/A N/A Adult No N/A   
166 Sovizzo N/A No L. femur N/A Adult No N/A Fragments 
168 Sovizzo N/A No L. femur N/A Adult No N/A   
169 Sovizzo M No R. femur N/A Adult No N/A Poor preservation, just 
shafts 
170 Sovizzo N/A No N/A N/A Adult No N/A   
170 Sovizzo PF/P
M 
No N/A N/A Adult No N/A Comingled burial at least 
2 individuals PM and F 
171 Sovizzo PM No Femur N/A Adult No N/A   
173 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
174 Sovizzo N/A No N/A N/A Subadult No N/A   
176 Sovizzo PM  Yes L. femur LP4 Adult/ 
Subadult 
No N/A Comingled remains, 1 
adult and 1 subadult, 
metopic suture 
179 Sovizzo N/A No N/A N/A Subadult No N/A   
180 Sovizzo F Yes L. femur LP3 Adult Yes Bone comb and 
knife 
  
186 Sovizzo N/A No Ribs and 
Femur 
N/A Adult No  N/A   
187 Sovizzo M No Ribs N/A Adult No N/A   
188 Sovizzo F Yes L. femur RP4 20-34 No N/A   
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Table A1 (continued) 
ID # Site Sex Sampled Bone Tooth Age Goods Type Notes 
189 Sovizzo PM No Ribs N/A Adult No N/A   
190 Sovizzo M Yes L. femur RP3 20-34 Yes 2 Ceramic 
fragments 
  
191 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
192 Sovizzo N/A No N/A LP3 Subadult Yes Ceramic pot   
193 Sovizzo M Yes L. femur P Adult No N/A   
194 Sovizzo N/A No R. femur RP4 Adult Yes Belt buckle and 
part of belt 
  
195 Sovizzo M Yes L. femur RP3 Adult No N/A   
196 Sovizzo M Yes Ribs RP4 20-34 No N/A   
197 Sovizzo IND No Ribs RP3 Adult No N/A   
198 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
199 Sovizzo F No N/A LP4 Adult No N/A   
200 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
202 Sovizzo N/A No N/A N/A Adult No N/A Comingled 
203 Sovizzo M Yes Ribs and 
L. femur 
RP3 Adult Yes Bone comb and 
iron knife 
  
204 Sovizzo F No N/A RP3 50+ No N/A   
205 Sovizzo M Yes Ribs LP3 20-34 Yes Bone comb and 
iron knife, belt 
buckle with 
plaque and 
ceramics 
  
206 Sovizzo N/A No Ribs N/A Adult Yes Metal iron frags   
207 Sovizzo M Yes L. femur RP 20-34 Yes Out of context 
flint/smelting 
  
208 Sovizzo PM Yes Ribs LP3 Adult No N/A   
209 Sovizzo N/A No N/A N/A Adult Yes Knife Fragments 
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Table A1 (continued) 
ID # Site Sex Sampled Bone Tooth Age Goods Type Notes 
211 Sovizzo N/A No R. femur N/A Adult Yes Bronze coin, 
ceramics 
  
212 Sovizzo N/A No Ribs LP3 Adult No N/A   
215 Sovizzo N/A No N/A N/A Adult No N/A   
216 Sovizzo N/A No N/A N/A Subadult Yes Bone Comb   
217 Sovizzo F Yes Ribs N/A Adult No N/A   
218 Sovizzo N/A No N/A N/A Adult No N/A   
219 Sovizzo N/A No N/A N/A Adult No N/A   
220 Sovizzo F Yes L. femur RP4 Adult No N/A   
221 Sovizzo M Yes L. femur LP3 20-34 No N/A Shovel shaped incisors 
222 Sovizzo N/A No Femur N/A Adult No  N/A   
223 Sovizzo F Yes L. femur N/A Adult Yes Bone comb and 
knife 
  
224 Sovizzo F Yes L. femur LP3 20-34 Yes Bone comb and 
knife 
Shovel shaped incisors 
225 Sovizzo PM No Ribs N/A Adult Yes Bone comb and 
knife 
  
227 Sovizzo F Yes Ribs N/A Adult No N/A   
228 Sovizzo F Yes L. femur  RP3 Adult No N/A   
229 Sovizzo N/A No Femur N/A Adult No  N/A   
230 Sovizzo N/A No N/A N/A Subadult No N/A   
231 Sovizzo PM No L. femur N/A Adult No  N/A Broken and healed L. 
distal tibia and fibula 
232 Sovizzo N/A No Femur LP4 Adult No N/A   
233 Sovizzo M Yes L. femur LP 20-34 No N/A   
234 Sovizzo N/A No N/A N/A Adult No  N/A Only feet 
235 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
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Table A1 (continued) 
ID # Site Sex Sampled Bone Tooth Age Goods Type Notes 
236 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
237 Sovizzo M No Ribs RP3 Adult Yes Bone comb and 
knife 
  
238 Sovizzo N/A No R. femur RP4 Adult No N/A   
239 Sovizzo N/A No Femur N/A Adult No  N/A   
240 Sovizzo F Yes L. femur RP3 Y. Adult Yes Bone comb   
246 Sovizzo F Yes L. femur RP3 Adult No N/A   
247 Sovizzo F Yes Ribs and 
Femur 
RP 35-50 Yes Ceramics Small cup 
248 Sovizzo M Yes L. femur LP4 20-34 No N/A   
251 Sovizzo M Yes Femur LP3 Adult No N/A   
252 Sovizzo PF Yes Ribs RP4 Adult No N/A Shovel shaped incisors 
253 Sovizzo F Yes Ribs P Adult Yes Ceramics Poor preservation 
254 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
255 Sovizzo PF Yes L. femur RP3 Adult No N/A   
256 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
257 Sovizzo M Yes R. femur  RP3 Adult No N/A Shovel shaped incisors, 
canine has extra cusp 
260 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
261 Sovizzo PM Yes Ribs RP3 Adult Yes Bone comb and 
knife 
  
263 Sovizzo N/A No Femur N/A Adult No  N/A   
264 Sovizzo F Yes Ribs LM1 50+ No N/A   
265 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
267 Sovizzo F Yes L. femur RP4 50+ Yes Bone comb and 
knife 
Shovel shaped incisors 
268 Sovizzo PF Yes Ribs LP3 20-34 No N/A   
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Table A1 (continued) 
ID # Site Sex Sampled Bone Tooth Age Goods Type Notes 
269 Sovizzo N/A No N/A N/A Adult No  N/A Only cranium 
270 Sovizzo N/A No N/A N/A Subadult Yes Bone comb and 
knife/sheath/ 
bronze belt 
buckle 
  
271 Sovizzo M No Ribs N/A Y. Adult No  N/A   
272 Sovizzo N/A No Femur No Adult Yes Iron Belt Buckle   
273 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
274 Sovizzo M Yes L. femur P Adult No N/A   
275 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
275 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
276 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
277 Sovizzo N/A No L. femur N/A Adult No N/A   
278 Sovizzo N/A No N/A N/A Subadult No  N/A   
279 Sovizzo IND No Ribs N/A Adult Yes Bone comb and 
belt buckle 
Osteoarthritis on femur 
head 
280 Sovizzo N/A No L. femur N/A Adult No N/A   
281 Sovizzo N/A No N/A N/A Subadult No N/A   
283 Sovizzo N/A No N/A N/A Adult No N/A Only feet 
286 Sovizzo PM Yes Ribs LP4 20-34 Yes Bone comb and 
knife 
Shovel shaped incisors 
287 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
288 Sovizzo PM Yes Ribs LP Adult Yes Bone comb   
289 Sovizzo M No Femur N/A Adult No N/A Obliterated sutures 
291 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
293 Sovizzo PF Yes Femur LP3 20-34 No N/A   
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Table A1 (continued) 
ID # Site Sex Sampled Bone Tooth Age Goods Type Notes 
294 Sovizzo F Yes L. femur LP3 20-34 No 2 Bone combs Shovel shaped incisors 
295 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
296 Sovizzo N/A No Ribs No Adult No N/A Fragments 
297 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
298 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
299 Sovizzo PM Yes Femur RP Adult No N/A   
300 Sovizzo M Yes Ribs LP3 Adult No N/A   
301 Sovizzo N/A No N/A N/A Subadult Yes Bone comb and 
knife 
  
302 Sovizzo PM No R. femur N/A Adult No N/A   
304 Sovizzo N/A No N/A N/A N/A No N/A   
307 Sovizzo N/A No Ribs N/A Adult No  N/A   
308 Sovizzo N/A No N/A N/A Subadult No N/A   
311 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
312 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
313 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
314 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
315 Sovizzo N/A No Ribs P Adult No  N/A   
316 Sovizzo N/A No Femur N/A Adult No  N/A   
318 Sovizzo PM Yes Ribs RP Adult No N/A   
319 Sovizzo N/A No N/A N/A N/A No N/A Fragments 
320 Sovizzo N/A No Tibia P Adult No N/A   
321 Sovizzo N/A No Ribs N/A Adult No N/A Fragments 
322 Sovizzo N/A No N/A N/A N/A No N/A Fragments 
323 Sovizzo PF Yes Ribs P Adult No N/A   
324 Sovizzo PF Yes R. femur N/A N/A No N/A   
327 Sovizzo IND No L. femur N/A Adult Yes Ceramics   
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Table A1 (continued) 
ID # Site Sex Sampled Bone Tooth Age Goods Type Notes 
329 Sovizzo F Yes L. femur RP3 35-50 No N/A Cortical bone flaking 
340 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
341 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
342 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
343 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
344 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
345 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
346 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
347 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
349 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
354 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
357 Sovizzo PM Yes Ribs LP3 Adult No N/A   
358 Sovizzo N/A No N/A N/A Adult No N/A Fragments 
363 Sovizzo PF No N/A P Adult No N/A   
Area 3 Sovizzo N/A No N/A N/A Subadult Yes Ceramics Baby remains and ceramic 
No ID Sovizzo N/A No N/A N/A Subadult No N/A   
No ID Sovizzo PM No L. femur LP3 Adult No N/A Shovel shaped incisors 
288 Sovizzo N/A No           Nonhuman 
294 Sovizzo N/A No Os coxa         Nonhuman 
228 Sovizzo N/A No           Nonhuman 
299 Sovizzo N/A No Os coxa         Nonhuman 
151 Sovizzo N/A Yes           Nonhuman Cow 
176 Sovizzo N/A No Os coxa         Nonhuman 
206 Sovizzo N/A Yes           Nonhuman Cow 
358 Dueville N/A No N/A N/A Subadult N/A N/A   
365 Dueville N/A No N/A N/A Adult N/A N/A   
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Table A1 (continued) 
ID # Site Sex Sampled Bone Tooth Age Goods Type Notes 
365 Dueville N/A No Femur N/A Adult Yes Bone comb   
366 Dueville N/A No N/A N/A Adult N/A N/A Fragments 
367 Dueville F No Ribs N/A Subadult N/A N/A   
368 Dueville N/A No Femur N/A Adult N/A N/A   
369 Dueville N/A No Femur N/A Adult N/A N/A   
370 Dueville F Yes R. femur LP3 Y. Adult N/A N/A Shovel shaped incisors 
371 Dueville N/A No N/A N/A Subadult N/A N/A Fragments 
372 Dueville N/A No N/A N/A Subadult N/A N/A Fragments 
373 Dueville F Yes R. femur LP3 Adult N/A N/A   
374 Dueville N/A No N/A N/A Subadult N/A N/A   
375 Dueville N/A No R. femur LP3 Adult N/A N/A Shovel shaped incisors 
376 Dueville N/A No Ribs N/A Subadult N/A N/A   
377 Dueville PM Yes Femur P Adult N/A N/A   
378 Dueville N/A No Ribs LP3 Adult N/A N/A   
379 Dueville N/A No R. femur LP3 Adult N/A N/A Fragments 
380 Dueville M No Ribs RP3 35-50 N/A N/A Healed fracture distal R. 
tibia 
382 Dueville M Yes Ribs RP3 Adult N/A N/A Shovel shaped incisors 
383 Dueville N/A No N/A N/A Subadult N/A N/A   
384 Dueville M Yes Ribs LP3 20-34 N/A N/A Metopic suture 
385 Dueville F Yes L. femur RP3 Y. Adult N/A N/A   
386 Dueville F Yes R. femur RP4 Adult N/A N/A   
387 Dueville N/A No N/A N/A Subadult N/A N/A Fragments 
389 Dueville N/A No N/A N/A Subadult N/A N/A Fragments 
390 Dueville N/A No N/A N/A Subadult N/A N/A Fragments 
391 Dueville F Yes L. femur LP3 35-50 N/A N/A   
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Table A1 (continued) 
ID # Site Sex Sampled Bone Tooth Age Goods Type Notes 
392 Dueville N/A No N/A N/A Adult N/A N/A Fragments 
393 Dueville M Yes Femur LP3 Adult N/A N/A Shovel shaped incisors 
394 Dueville PM Yes L. femur RP3 Adult N/A N/A   
395 Dueville N/A No N/A N/A Subadult N/A N/A   
396 Dueville PF Yes L. femur LP3 35-50 N/A N/A   
397 Dueville PM Yes Femur RP3 Adult N/A N/A   
398 Dueville PF No R. femur LP3 Adult N/A N/A   
399 Dueville N/A No N/A N/A Subadult N/A N/A   
400 Dueville N/A No N/A N/A Adult N/A N/A   
401 Dueville PM No Ribs RP3 Adult N/A N/A   
402 Dueville N/A No N/A N/A Subadult N/A N/A   
402 Dueville PM Yes L. femur RP3 Adult N/A N/A   
403 Dueville N/A No N/A N/A Subadult N/A N/A   
406 Dueville N/A No N/A N/A Adult N/A N/A   
407 Dueville N/A No N/A N/A Adult N/A N/A Fragments 
408 Dueville PM Yes R. femur LP3 Adult N/A N/A   
409 Dueville PF Yes L. femur LP3 Adult N/A N/A   
410 Dueville M No L. femur  LP3 Adult N/A N/A   
411 Dueville N/A No N/A N/A Adult N/A N/A   
412 Dueville N/A No N/A N/A Adult N/A N/A   
413 Dueville PM No Femur RP3 Adult N/A N/A   
416 Dueville F Yes R. femur LP3 Adult N/A N/A Healed fracture R. tibia, 
shoveled shaped incisors 
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Table A1 (continued) 
ID # Site Sex Sampled Bone Tooth Age Grave Goods Type Notes 
417 Dueville N/A No L. femur RP3 Adult N/A N/A Shovel shaped incisors 
418 Dueville N/A No N/A N/A Subadult N/A N/A   
419 Dueville N/A No N/A N/A Subadult N/A N/A   
420 Dueville N/A No N/A N/A Subadult N/A N/A   
421 Dueville N/A No N/A N/A Subadult N/A N/A   
424 Dueville N/A No N/A N/A Subadult N/A N/A   
425 Dueville F Yes R. femur RP3 Adult N/A N/A   
426 Dueville M Yes R. femur  P 35-50 N/A N/A   
427 Dueville PM Yes L. femur LP3 20-34 N/A N/A   
428 Dueville N/A No N/A N/A Subadult N/A N/A   
429 Dueville M No L. femur P Adult N/A N/A   
431 Dueville PF Yes L. femur LP3 Adult N/A N/A   
432 Dueville N/A No N/A N/A Adult N/A N/A   
433 Dueville N/A No N/A N/A Subadult N/A N/A   
434 Dueville N/A No N/A N/A Adult N/A N/A   
435 Dueville F No R. femur LP3 20-34 N/A N/A   
456 Dueville M No L. femur N/A Adult N/A N/A   
458 Dueville N/A No N/A N/A Subadult N/A N/A   
458 Dueville M No R. femur  RP3 Adult N/A N/A   
459 Dueville PF Yes R. femur r LP3 Adult N/A N/A   
460 Dueville N/A No N/A N/A Subadult N/A N/A   
461 Dueville PM No R. femur P Adult N/A N/A   
462 Dueville F No L. femur RP3 Adult N/A N/A   
463 Dueville N/A No N/A N/A Adult N/A N/A   
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Table A1 (continued) 
ID # Site Sex Sampled Bone Tooth Age Goods Type Notes 
464 Dueville F Yes L. femur P 50+ N/A N/A   
465 Dueville PM No R. femur RP3 Adult N/A N/A Shovel shaped incisors 
466 Dueville N/A No N/A N/A Subadult N/A N/A   
467 Dueville F No R. femur RP3 Adult N/A N/A   
468 Dueville PM No Ribs RP3 20-34 N/A N/A Shovel shaped incisors 
469 Dueville PF No R. femur LP3 Adult N/A N/A   
470 Dueville PF No R. femur P Adult N/A N/A   
471 Dueville N/A No N/A N/A Subadult N/A N/A   
472 Dueville PM No L. femur P Adult N/A N/A   
473 Dueville N/A No N/A N/A baby N/A N/A   
474 Dueville M No Femur LP3 20-34 N/A N/A   
475 Dueville PM No L. femur M Adult N/A N/A   
476 Dueville M Yes L. femur LP3 Adult N/A N/A   
477 Dueville M No Femur LP3 20-34 N/A N/A   
478 Dueville N/A No N/A N/A Subadult N/A N/A   
479 Dueville M Yes L. femur LP3 Adult N/A N/A   
480 Dueville N/A No N/A N/A Subadult N/A N/A   
481 Dueville PF No Femur LP3 Adult N/A N/A   
482 Dueville M No L. femur LP3 20-34 N/A N/A   
483 Dueville N/A No N/A N/A Subadult N/A N/A   
484 Dueville PM Yes L. femur RP3 Adult N/A N/A Shovel shaped incisors 
485 Dueville N/A No N/A N/A Subadult N/A N/A   
486 Dueville N/A No N/A N/A Subadult N/A N/A   
487 Dueville PM Yes L. femur N/A Adult N/A N/A Shovel shaped incisors 
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Table A1 (continued) 
ID # Site Sex Sampled Bone Tooth Age Goods Type Notes 
488 Dueville M No Femur N/A Adult N/A N/A   
489 Dueville PF Yes R. femur RP3 Adult N/A N/A   
490 Dueville PF Yes L. femur LP4 Adult N/A N/A   
491 Dueville N/A No N/A N/A Adult N/A N/A   
492 Dueville N/A No L. femur N/A Adult N/A N/A   
493 Dueville N/A No N/A N/A Subadult N/A N/A   
494 Dueville F No Ribs P 20-34 N/A N/A   
495 Dueville N/A No N/A N/A Subadult N/A N/A   
496 Dueville N/A No N/A N/A Subadult N/A N/A   
497 Dueville N/A No N/A N/A Subadult N/A N/A   
498 Dueville N/A No N/A N/A Adult N/A N/A   
499 Dueville F Yes R. femur RP3 50+ N/A N/A   
500 Dueville N/A No N/A N/A Subadult N/A N/A Comingled with an adult 
501 Dueville N/A No N/A N/A Adult N/A N/A   
502 Dueville PF Yes L. femur LP3 20-34 N/A N/A Shovel shaped incisors 
503 Dueville M Yes L. femur LP4 Adult N/A N/A   
504 Dueville N/A No N/A N/A Subadult N/A N/A   
505 Dueville N/A No N/A N/A Adult N/A N/A Fragments 
506 Dueville N/A No N/A N/A Adult N/A N/A Fragments 
507 Dueville N/A No N/A N/A Subadult N/A N/A   
508 Dueville N/A No N/A N/A Adult N/A N/A Fragments 
509 Dueville N/A No N/A N/A Adult N/A N/A Fragments 
510 Dueville PF No L. femur N/A Adult N/A N/A   
511 Dueville PM Yes L. femur RP4 Adult N/A N/A   
512 Dueville M Yes R. femur RP3 Adult N/A N/A   
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Table A1 (continued) 
ID # Site Sex Sampled Bone Tooth Age Goods Type Notes 
513 Dueville F No Ribs and 
L. femur 
LP4 Y. Adult N/A N/A Shovel shaped incisors 
514 Dueville N/A No N/A N/A Subadult N/A N/A   
515 Dueville F Yes R. femur P Adult N/A N/A   
516 Dueville M No N/A N/A Adult N/A N/A   
517 Dueville N/A No N/A N/A Adult N/A N/A Fragments 
518 Dueville PM Yes R. femur RP4 Adult N/A N/A   
519 Dueville PF Yes L. femur RP4 Y. Adult N/A N/A   
520 Dueville N/A No Femur RP4 Y. Adult N/A N/A Shovel shaped incisors 
521 Dueville N/A No N/A N/A Adult N/A N/A Fragments 
522 Dueville F Yes L. femur LP3 35-40 N/A N/A   
523 Dueville F Yes L. femur LP3 Adult N/A N/A   
524 Dueville N/A No N/A N/A Adult N/A N/A Fragments 
525 Dueville N/A No N/A N/A Subadult N/A N/A   
526 Dueville N/A No N/A N/A Subadult N/A N/A   
527 Dueville F Yes L. femur RP3 Adult N/A N/A Pegged canine 
528 Dueville F Yes L. femur LP3 20-34 N/A N/A   
529 Dueville PM Yes Ribs LP3 Adult N/A N/A Shovel shaped incisors 
530 Dueville N/A No N/A N/A Subadult  N/A N/A   
531 Dueville N/A No N/A N/A Subadult  N/A N/A   
532 Dueville N/A No N/A N/A Subadult  N/A N/A   
533 Dueville N/A No N/A N/A Subadult  N/A N/A   
534 Dueville M Yes Ribs LP3 20-34 N/A N/A Healed fracture R. femur 
535 Dueville N/A No R. femur  LP4 Adult N/A N/A   
536 Dueville N/A No N/A N/A Subadult N/A N/A   
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Table A1 (continued) 
ID # Site Sex Sampled Bone Tooth Age Goods Type Notes 
537 Dueville N/A No N/A N/A Subadult N/A N/A   
538 Dueville N/A No N/A N/A Adult N/A N/A Fragments 
539 Dueville M Yes L. femur RP3 Adult N/A N/A   
540 Dueville PM Yes L. femur  LP3 Adult N/A N/A Osteoarthritis on femur 
head 
541 Dueville PM Yes R. femur RP3 Adult N/A N/A   
542 Dueville F Yes L. femur LP4 Y. Adult N/A N/A Shovel shaped incisors 
543 Dueville PF Yes R. femur  RP4 20-34 N/A N/A   
544 Dueville F Yes L. femur RP3 20-34 N/A N/A   
545 Dueville PM Yes Ribs RP3 Adult N/A N/A   
546 Dueville N/A No N/A N/A Adult N/A N/A Fragments 
430/2 Dueville N/A No N/A N/A Subadult N/A N/A   
380 Dueville N/A Yes Os coxa 
 
  N/A N/A Nonhuman cow 
482 Dueville N/A Yes N/A N/A   N/A N/A Nonhuman cow 
TB 10 Bardolino PF/P
M 
Yes Femur N/A Adult No N/A Comingled, 1 male and 1 
female 
TB 12 Bardolino N/A Yes L. femur N/A Adult No N/A 
 
TB 13 Bardolino PM Yes L. femur N/A Adult No N/A 
 
TB 14 Bardolino N/A Yes Shaft N/A Adult No N/A 
 
TB 15 Bardolino F Yes Ribs RP3 35-50 No N/A Fractured L ulna with 
callus formation 
TB 9 Bardolino M Yes Ribs LP3 20-34 Yes Scramasax and 
shear, silver 
coins 
 
TB 1 Peschiera N/A No N/A N/A Subadult No Ceramics and 
glass, bone pin 
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Table A1 (continued) 
ID # Site Sex Sampled Bone Tooth Age Goods Type Notes 
TB 2 (1) Peschiera N/A Yes Ribs N/A Adult No 
  
TB 2 (2) Peschiera PM Yes L. femur LP3 Adult Yes Ceramics 
 
TB 3 (2) Peschiera PF Yes Ribs LP3 Adult No N/A 
 
TB 3 (3) Peschiera N/A No N/A N/A Subadult No N/A 
 
TB 3 (358) Peschiera PF Yes R. femur N/A Adult No N/A R femur head pathology 
TB 4 (1) Peschiera PM  Yes R. femur N/A Adult No N/A 
 
TB 4 (2) Peschiera M Yes Ribs LP4 Adult No N/A 
 
TB 4 (3) Peschiera N/A Yes L. femur N/A Y. Adult No N/A 
 
279 Desmontà PM Yes Ribs RP3 Adult No N/A 
 
292 Desmontà PM Yes Ribs LP3 Adult No N/A 
 
293 Desmontà N/A No N/A N/A N/A No N/A Poor preservation not 
sampled 
305 Desmontà N/A No N/A N/A N/A No N/A Poor preservation not 
sampled 
308 Desmontà PF  Yes Ribs P Adult No N/A 
 
TB 299 Desmontà N/A Yes Ribs N/A Subadult No N/A 
 
TB 300 Desmontà N/A Yes Ribs LP3 Subadult Yes Earrings 
 
TB 301 Desmontà N/A Yes Shaft RP3 Adult No N/A Shoveling on canine 
TB 2 (2) Peschiera N/A Yes Bone N/A N/A No N/A Nonhuman pig 
152 Desmontà N/A Yes Bone N/A N/A No N/A Nonhuman pig 
TB 1 Riformati N/A Yes L. femur N/A Subadult No N/A   
TB 2 Riformati M Yes L. femur RP4 20-34 No N/A   
TB 3 Riformati M Yes Ribs RP3 20-34 No N/A   
TB 4 Riformati F Yes R. femur LP3 20-34 No N/A Healed fractured L 
humerus 
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Table A1 (continued) 
ID # Site Sex Sampled Bone Tooth Age Goods Type Notes 
TB 5 Riformati N/A Yes R. femur LP4 Adult No N/A   
TB 6 Riformati N/A Yes Ribs N/A Subadult Yes Necklace and 
two earrings in 
burial 
  
612 S. Basilio N/A Yes R. femur N/A Adult No N/A   
TB 3 S. Basilio N/A Yes R. femur N/A Adult No N/A   
TB 4 S. Basilio F Yes L. femur RP3 35-50 Yes Clay weights, 
ceramics 
Fractured rib, arthritis on 
lumbar, periostitis 
TB14 667 S. Basilio N/A No N/A N/A N/A No N/A Fragments 
TB14 730 S. Basilio N/A No N/A N/A Subadult No N/A   
TB14 738 S. Basilio PM Yes Ribs RP3 20-34 No N/A   
TB14 739 S. Basilio PM Yes L. femur LP3 Adult No N/A   
TB15 698 S. Basilio F Yes L. femur LP3 Adult No N/A   
TB16 680 S. Basilio M Yes Ribs LP3 Adult No N/A   
TB16 681 S. Basilio M Yes Ribs RP3 Adult No N/A Shovel shaped incisors 
TB16 682 S. Basilio PF Yes Ribs RP3 Subadult No N/A   
TB18 671 S. Basilio PM Yes Ribs N/A Adult No N/A   
TB18 719.a S. Basilio PF Yes Ribs and 
Femur 
LP3 20-34 No N/A Comingled, 2F  
TB18 719.b S. Basilio PF Yes Ribs P 20-34 No N/A   
TB18 759 S. Basilio M Yes Ribs LP3 Adult Yes Ceramics Arthritis on sacrum 
TB22 729.a S. Basilio N/A Yes Ribs N/A Adult/ 
Subadult 
No N/A Comingled with subadult 
TB23 964 S. Basilio PM Yes R. femur LP3 Y. Adult No N/A   
TB28 876 S. Basilio N/A Yes L. femur N/A Adult No N/A Injury to prox tibia left 
TB29 834.b S. Basilio N/A No N/A N/A Adult No N/A Fragments 
TB29 933 S. Basilio N/A Yes Ribs N/A Adult No N/A   
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ID # Site Sex Sampled Bone Tooth Age Goods Type Notes 
TB 2 (1) Peschiera N/A Yes Ribs N/A Adult No N/A 
 
TB31 936 S. Basilio M Yes Ribs RP3 Adult No N/A   
TB33 814 S. Basilio F Yes R. femur N/A Y. Adult Yes Bronze Buckle   
TB35 1033 S. Basilio N/A No N/A N/A Subadult No N/A Baby not sampled 
TB36 1061 S. Basilio N/A No N/A N/A Subadult No N/A Baby 
TB6 570.a S. Basilio M Yes L. femur LP3 Adult No N/A   
TB6 570.b S. Basilio N/A No N/A N/A   Yes Ceramics and 
glass 
  
TB6 580 S. Basilio M Yes L. femur RP3 20-35 Yes Glass globe, 
ceramics, bronze 
fragment 
Comingled, 2 F comingled 
TB6 581 S. Basilio F Yes L. femur RP3 Adult No N/A Comingled PF, 2 M, and 
subadult, shovel shaped 
incisors 
TB6 581 S. Basilio N/A No N/A N/A Subadult No N/A   
TB6 581.a S. Basilio PM Yes L. femur RP4 50+ No N/A   
TB6 581.b S. Basilio PM No N/A LP3 Adult No N/A   
TB6 605 S. Basilio N/A No N/A N/A N/A Yes Glass   
TB7 565 S. Basilio N/A No N/A N/A N/A Yes Shells and 
ceramics 
  
TB7 576 S. Basilio M Yes L. femur RP3 Adult No N/A   
610 S. Basilio N/A Yes Mandible N/A N/A No N/A Nonhuman 
614 S. Basilio N/A Yes Shaft N/A N/A No N/A Nonhuman 
918 S. Basilio N/A Yes Shaft N/A N/A No N/A Nonhuman 
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ID # Site Sex Sampled Bone Tooth Age Goods Type Notes 
1015 S. Basilio N/A Yes Shaft N/A N/A No N/A Nonhuman 
532 S. Basilio N/A Yes Shaft N/A N/A No N/A Nonhuman 
502 S. Basilio N/A Yes Shell N/A N/A No N/A Nonhuman 
2836 S. Basilio N/A Yes N/A N/A N/A No N/A Nonhuman 
116 S. Basilio N/A Yes N/A N/A N/A No N/A Nonhuman 
717 S. Basilio N/A Yes N/A N/A N/A No N/A Nonhuman 
570.a S. Basilio N/A Yes N/A N/A N/A No N/A Nonhuman 
TB6 570  S. Basilio N/A Yes N/A N/A N/A No N/A Nonhuman  
TB4 S. Basilio N/A Yes N/A N/A N/A No N/A Nonhuman 
1010 Riformati N/A Yes N/A N/A N/A No N/A Nonhuman 
1029 Riformati N/A Yes N/A N/A N/A No N/A Nonhuman 
1090 Riformati N/A Yes N/A N/A N/A No N/A Nonhuman 
TB 4 Riformati N/A No N/A N/A N/A No N/A Nonhuman 
 
 
 
 
 
 
349 
 
 
 
APPENDIX B: OXYGEN CONVERSIONS 
 
Table B1. Sampled individuals for enamel and bone apatite and their respective oxygen conversions 
ID Sex Age Tooth Site 13Cen 
‰VPDB 
18Oen 
‰VPDB 
18Oen 
‰VSMOW 
18Op(en)
‰VSMOW 
18Odw(en)
‰VSMOW 
13Cap 
‰VPDB 
18Oap 
‰VPDB 
18Oap 
‰VSMOW 
18Op  
‰VSMOW 
18Odw 
‰VSMOW 
135 M 35-50 RP3 Sovizzo -5.5 -3.4 27.4 18.4 -5.4 -8.9 -4.1 26.6 17.6 -6.6 
147 F Adult RP3 Sovizzo -11.8 -0.2 30.7 21.5 -0.5 -9.8 -3.1 27.7 18.6 -5.1 
150 M 35-50 LP4 Sovizzo -10.3 -1.8 29.0 19.9 -3.1 -10.3 -5.1 28.2 19.2 -4.2 
152 F Adult LP3 Sovizzo -8.0 -3.4 27.4 18.4 -5.4 -10.1 -4.7 26.0 17.0 -7.5 
188 F 20-34 LP4 Sovizzo -8.6 -2.9 27.9 18.8 -4.8 -8.9 -4.4 26.3 17.3 -7.1 
190 M 20-34 RP3 Sovizzo -7.4 -3.8 26.9 17.9 -6.1 -8.7 -4.5 26.2 17.2 -7.3 
193 M Adult LP Sovizzo -6.7 -3.4 27.4 18.4 -5.4 -9.4 -4.7 26.0 17.0 -7.5 
195 M Adult RP3 Sovizzo -7.9 -3.6 27.1 18.1 -5.8 -9.2 -3.7 27.1 18.0 -6.0 
196 M 20-34 RP3 Sovizzo -9.9 -2.3 28.5 19.4 -3.8 -10.1 -3.8 26.9 17.9 -6.1 
207 M 20-34 RP Sovizzo -5.5 -0.6 30.2 21.1 -1.2 -8.6 -4.1 26.6 17.6 -6.6 
208 M Adult LP3 Sovizzo -6.4 -1.2 29.6 20.5 -2.2 -9.3 -2.5 28.3 19.2 -4.2 
224 F 20-34 LP3 Sovizzo -6.0 -4.6 26.2 17.2 -7.3 -8.3 -3.7 27.1 18.0 -6.0 
228 F Adult RP Sovizzo -6.6 -4.3 26.4 17.4 -6.9 -7.1 -4.5 26.2 17.2 -7.3 
233 M 20-34 LP Sovizzo -8.7 -2.9 27.9 18.8 -4.8 -9.3 -3.2 27.6 18.5 -5.2 
240 F Adult RP3 Sovizzo -5.4 -3.8 26.9 17.9 -6.1 -8.5 -4.5 26.2 17.2 -7.3 
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Table B1 (continued) 
ID Sex Age Tooth Site 13Cen 
‰VPDB 
18Oen 
‰VPDB 
18Oen 
‰VSMOW 
18Op(en) 
‰VSMOW 
18Odw(en) 
‰VSMOW 
13Cap 
‰VPDB 
18Oap 
‰VPDB 
18Oap 
‰VSMOW 
18Op  
‰VSMOW 
18Odw 
‰VSMOW 
246 F Adult RP3 Sovizzo -3.4 -1.5 29.3 20.2 -2.6 -7.7 -4.4 26.3 17.3 -7.1 
247 F 35-50 RP Sovizzo -8.4 -3.2 27.6 18.5 -5.2 -8.7 -4.6 26.2 17.2 -7.3 
248 M 20-34 LP3 Sovizzo -6.4 -4.0 26.8 17.7 -6.4 -7.9 -5.0 25.7 16.7 -8.0 
252 F Adult RP3 Sovizzo -7.6 -3.8 26.9 17.9 -6.1 -9.0 -4.3 26.4 17.4 -6.9 
253 F Adult P Sovizzo -7.5 -3.7 27.1 18.0 -6.0 -8.0 -3.9 26.8 17.8 -6.3 
255 F Adult RP3 Sovizzo -5.9 -5.0 25.7 16.7 -8.0 -7.9 -4.6 26.2 17.2 -7.3 
257 M Adult RP4 Sovizzo -5.3 -4.6 26.2 17.2 -7.3 -8.8 -5.0 25.7 16.7 -8.0 
267 F 50+ RP4 Sovizzo -9.8 -3.3 27.5 18.5 -5.2 -9.2 -4.9 25.8 16.8 -7.8 
286 M 20-34 LP3 Sovizzo -7.6 -4.1 26.6 17.6 -6.6 -8.3 -3.4 27.4 18.4 -5.4 
288 M Adult LP4 Sovizzo -11.0 -2.0 28.8 19.7 -3.4 -10.3 -2.6 28.2 19.2 -4.2 
293 F 20-34 LP3 Sovizzo -7.7 -3.7 27.1 18.0 -6.0 -8.3 -4.9 25.8 16.8 -7.8 
294 F 20-34 LP3 Sovizzo -11.1 -1.5 29.3 20.2 -2.6 -10.7 -4.6 26.2 17.2 -7.3 
299 M Adult RP Sovizzo -6.3 -2.0 28.8 19.7 -3.4 -9.2 -4.4 26.3 17.3 -7.1 
318 M Adult RP Sovizzo -9.7 -1.4 29.4 20.3 -2.4 -11.9 -2.9 27.9 18.8 -4.8 
329 F 35-50 RP3 Sovizzo -6.7 -5.6 25.1 16.1 -8.9 -8.9 -4.9 25.8 16.8 -7.8 
373 F Adult LP3 Dueville  -6.3 -4.8 25.9 16.9 -7.7 -6.6 -5.0 25.7 16.7 -8.0 
377 M Adult P Dueville  -6.8 -3.8 26.9 17.9 -6.1 -6.4 -3.9 26.8 17.8 -6.3 
385 F 50+ RP3 Dueville  -5.6 -2.5 28.3 19.2 -4.1 -6.2 -3.3 27.5 18.5 -5.2 
386 F Adult RP4 Dueville  -5.9 -3.4 27.4 18.4 -5.4 -6.3 -4.6 26.1 17.1 -7.4 
393 M Adult LP3 Dueville  -6.4 -2.8 28.0 18.9 -4.6 -7.6 -4.0 26.8 17.7 -6.4 
394 M Adult RP3 Dueville  -6.4 -4.4 26.3 17.3 -7.1 -7.0 -4.6 26.1 17.1 -7.4 
396 F 35-50 LP3 Dueville  -6.9 -3.4 27.4 18.4 -5.4 -6.4 -5.1 25.6 16.6 -8.2 
397 M Adult RP3 Dueville  -6.1 -2.8 28.0 18.9 -4.6 -7.1 -3.3 27.5 18.5 -5.2 
408 M Adult LP3 Dueville  -6.1 -3.8 26.9 17.9 -6.1 -8.0 -4.8 25.9 16.9 -7.7 
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Table B1 (continued) 
ID Sex Age Tooth Site 13Cen 
‰VPDB 
18Oen 
‰VPDB 
18Oen 
‰VSMOW 
18Op(en) 
‰VSMOW 
18Odw(en) 
‰VSMOW 
13Cap 
‰VPDB 
18Oap 
‰VPDB 
18Oap 
‰VSMOW 
18Op  
‰VSMOW 
18Odw 
‰VSMOW 
409 F Adult LP3 Dueville  -5.3 -2.6 28.2 19.2 -4.2 -7.9 -3.3 27.5 18.5 -5.2 
425 F Adult RP3 Dueville  -6.8 -4.1 26.6 17.6 -6.6 -6.5 -5.2 25.5 16.5 -8.4 
426 M 35-50 P Dueville  -7.5 -3.7 27.0 18.0 -6.0 -7.9 -4.2 26.5 17.5 -6.8 
427 M 20-34 LP3 Dueville  -5.4 -4.3 26.4 17.4 -6.9 -8.1 -5.4 25.3 16.3 -8.7 
464 F 50+ P Dueville  -5.9 -2.1 28.7 19.6 -3.5 -7.0 -2.4 28.4 19.3 -3.9 
484 M Adult RP3 Dueville  -5.8 -4.7 26.0 17.0 -7.5 -7.3 -4.3 26.4 17.4 -7.0 
489 F Adult RP3 Dueville  -5.7 -3.5 27.3 18.3 -5.5 -6.7 -3.9 26.9 17.8 -6.3 
503 M Adult LP4 Dueville  -5.9 -3.7 27.0 18.0 -6.0 -6.8 -4.2 26.6 17.1 -7.4 
511 M Adult RP4 Dueville  -6.5 -2.4 28.4 19.3 -3.9 -6.7 -3.7 27.1 18.0 -6.0 
515 F Adult P Dueville  -8.5 -2.1 28.7 19.6 -3.5 -6.5 -4.2 26.6 17.5 -6.7 
519 F Adult RP4 Dueville  -8.2 -3.5 27.3 18.3 -5.5 -8.1 -2.6 28.2 19.2 -4.2 
522 F 35-50 LP3 Dueville  -6.9 -2.8 28.0 18.9 -4.6 -6.8 -4.3 26.4 17.4 -6.9 
527 F Adult RP3 Dueville  -9.2 -3.5 27.3 18.3 -5.5 -7.0 -4.4 26.3 17.3 -7.1 
528 F 20-34 LP3 Dueville  -5.1 -6.4 24.3 15.3 -10.2 -6.2 -4.9 25.8 16.8 -7.9 
529 M Adult LP3 Dueville  -6.2 -3.2 27.6 18.5 -5.2 -7.5 -4.5 26.2 17.2 -7.3 
539 M Adult RP3 Dueville  -6.3 -3.9 26.8 17.8 -6.3 -6.6 -4.8 26.0 16.9 -7.6 
540 M Adult LP3 Dueville  -5.8 -5.2 25.5 16.5 -8.4 -7.0 -4.3 26.4 17.4 -7.0 
541 M Adult RP3 Dueville  -5.3 -4.2 26.6 17.5 -6.7 -5.3 -4.4 26.3 17.3 -7.1 
543 F 20-34 RP4 Dueville  -4.9 -4.5 26.2 17.2 -7.3 -5.0 -4.3 26.4 17.4 -6.9 
544 F 20-34 RP3 Dueville  -3.3 -4.9 25.8 16.8 -7.8 -6.2 -4.8 25.9 16.9 -7.8 
545 M Adult RP3 Dueville  -6.6 -2.8 28.0 18.9 -4.6 -7.0 -4.6 26.2 17.2 -7.3 
409 F Adult LP3 Dueville  -5.3 -2.6 28.2 19.2 -4.2 -7.9 -3.3 27.5 18.5 -5.2 
425 F Adult RP3 Dueville  -6.8 -4.1 26.6 17.6 -6.6 -6.5 -5.2 25.5 16.5 -8.4 
426 M 35-50 P Dueville  -7.5 -3.7 27.0 18.0 -6.0 -7.9 -4.2 26.5 17.5 -6.8 
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Table B2. Sampled individuals for bone apatite and their respective oxygen conversions. 
Site ID Sex Age 13Cap 
‰VPDB 
18Oap 
‰VPDB 
18Oap 
‰VSMOW 
18Op  
‰VSMOW 
18Odw 
‰VSMOW 
Sovizzo 135 M 35-50 -8.9 -4.1 26.6 17.6 -6.6 
Sovizzo 143 F Adult -10.5 -4.8 25.9 16.9 -7.7 
Sovizzo 144 M Adult -9.5 -4.4 26.3 17.3 -7.1 
Sovizzo 147 F Adult -9.8 -3.1 27.7 18.6 -5.1 
Sovizzo 150 M 35-50 -10.3 -5.1 28.2 19.2 -4.2 
Sovizzo 152 F Adult -10.1 -4.7 26.0 17.0 -7.5 
Sovizzo 176 M Adult -10.3 -4.4 26.3 17.3 -7.1 
Sovizzo 180 F Adult -9.7 -4.7 26.0 17.0 -7.5 
Sovizzo 188 F 20-34 -8.9 -4.4 26.3 17.3 -7.1 
Sovizzo 190 M 20-34 -8.7 -4.5 26.2 17.2 -7.3 
Sovizzo 193 M Adult -9.4 -4.7 26.0 17.0 -7.5 
Sovizzo 195 M Adult -9.2 -3.7 27.1 18.0 -6.0 
Sovizzo 196 M 20-34 -10.1 -3.8 26.9 17.9 -6.1 
Sovizzo 203 M Adult -9.1 -4.5 26.2 17.2 -7.3 
Sovizzo 205 M 20-34 -8.3 -3.6 27.1 18.1 -5.8 
Sovizzo 207 M 20-34 -8.6 -4.1 26.6 17.6 -6.6 
Sovizzo 208 M Adult -9.3 -2.5 28.3 19.2 -4.2 
Sovizzo 217 F Adult -9.3 -3.1 27.7 18.6 -5.1 
Sovizzo 220 F Adult -8.7 -4.1 26.6 17.6 -6.6 
Sovizzo 221 M 20-34 -8.6 -4.0 26.8 17.7 -6.4 
Sovizzo 223 F Adult -8.2 -4.8 25.9 16.9 -7.7 
Sovizzo 224 F 20-34 -8.3 -3.7 27.1 18.0 -6.0 
Sovizzo 227 F Adult -8.2 -4.1 26.6 17.6 -6.6 
Sovizzo 228 F Adult -7.1 -4.5 26.2 17.2 -7.3 
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Table B2 (continued) 
Site ID Sex Age 13Cap 
‰VPDB 
18Oap 
‰VPDB 
18Oap 
‰VSMOW 
18Op 
‰VSMOW 
18Odw 
‰VSMOW 
Sovizzo 233 M 20-34 -9.3 -3.2 27.6 18.5 -5.2 
Sovizzo 240 F Adult -8.5 -4.5 26.2 17.2 -7.3 
Sovizzo 246 F Adult -7.7 -4.4 26.3 17.3 -7.1 
Sovizzo 247 F 35-50 -8.7 -4.6 26.2 17.2 -7.3 
Sovizzo 248 M 20-34 -7.9 -5.0 25.7 16.7 -8.0 
Sovizzo 251 M Adult -8.7 -4.5 26.2 17.2 -7.3 
Sovizzo 252 F Adult -9.0 -4.3 26.4 17.4 -6.9 
Sovizzo 253 F Adult -8.0 -3.9 26.8 17.8 -6.3 
Sovizzo 255 F Adult -7.9 -4.6 26.2 17.2 -7.3 
Sovizzo 257 M Adult -8.8 -5.0 25.7 16.7 -8.0 
Sovizzo 261 M Adult -9.9 -3.0 27.8 18.7 -4.9 
Sovizzo 264 F 50+ -9.7 -4.2 26.6 17.5 -6.7 
Sovizzo 267 F 50+ -9.2 -4.9 25.8 16.8 -7.8 
Sovizzo 268 F 20-34 -8.9 -4.3 26.4 17.4 -6.9 
Sovizzo 274 M Adult -8.0 -4.9 25.8 16.8 -7.8 
Sovizzo 286 M 20-34 -8.3 -3.4 27.4 18.4 -5.4 
Sovizzo 288 M Adult -10.3 -2.6 28.2 19.2 -4.2 
Sovizzo 293 F 20-34 -8.3 -4.9 25.8 16.8 -7.8 
Sovizzo 294 F 20-34 -10.7 -4.6 26.2 17.2 -7.3 
Sovizzo 299 M Adult -9.2 -4.4 26.3 17.3 -7.1 
Sovizzo 300 M Adult -9.6 -3.5 27.3 18.3 -5.5 
Sovizzo 318 M Adult -11.9 -2.9 27.9 18.8 -4.8 
Sovizzo 323 F Adult -9.1 -4.4 26.3 17.3 -7.1 
Sovizzo 324 F Adult -7.5 -4.5 26.2 17.2 -7.3 
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Table B2 (continued) 
Site ID Sex Age 13Cap 
‰VPDB 
18Oap 
‰VPDB 
18Oap 
‰VSMOW 
18Op 
‰VSMOW 
18Odw 
‰VSMOW 
Sovizzo 329 F 35-50 -8.9 -4.9 25.8 16.8 -7.8 
Sovizzo 357 M Adult -9.7 -2.7 28.1 19.0 -4.5 
Dueville 370 F Adult -6.9 -2.9 27.9 18.8 -4.8 
Dueville 373 F Adult -6.6 -5.0 25.7 16.7 -8.0 
Dueville 382 M Adult -8.9 -2.7 28.1 19.0 -4.5 
Dueville 384 M 20-34 -7.3 -2.3 28.5 19.4 -3.8 
Dueville 385 F 50+ -6.2 -3.3 27.5 18.5 -5.2 
Dueville 386 F Adult -6.3 -4.6 26.1 17.1 -7.4 
Dueville 391 F 35-50 -6.4 -3.5 27.3 18.3 -5.5 
Dueville 393 M Adult -7.6 -4.0 26.8 17.7 -6.4 
Dueville 394 M Adult -7.0 -4.6 26.1 17.1 -7.4 
Dueville 396 F 35-50 -6.4 -5.1 25.6 16.6 -8.2 
Dueville 397 M Adult -7.1 -3.3 27.5 18.5 -5.2 
Dueville 402 M Adult -7.6 -2.7 28.1 19.0 -4.5 
Dueville 408 M Adult -8.0 -4.8 25.9 16.9 -7.7 
Dueville 409 F Adult -7.9 -3.3 27.5 18.5 -5.2 
Dueville 416 F Adult -8.4 -2.9 27.9 18.8 -4.8 
Dueville 425 F Adult -6.5 -5.2 25.5 16.5 -8.4 
Dueville 426 M 35-50 -7.9 -4.2 26.5 17.5 -6.8 
Dueville 427 M 20-34 -8.1 -5.4 25.3 16.3 -8.7 
Dueville 431 F Adult -8.2 -3.7 27.0 18.0 -6.0 
Dueville 377 M Adult -6.4 -3.9 26.8 17.8 -6.3 
Dueville 380 M 35-50 -6.8 -3.0 27.8 18.7 -4.9 
Dueville 382 M Adult -8.9 -2.7 28.1 19.0 -4.5 
Dueville 384 M 20-34 -7.3 -2.3 28.5 19.4 -3.8 
Dueville 385 F 50+ -6.2 -3.3 27.5 18.5 -5.2 
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Table B2 (continued) 
Site ID Sex Age 13Cap 
‰VPDB 
18Oap 
‰VPDB 
18Oap 
‰VSMOW 
18Op 
‰VSMOW 
18Odw 
‰VSMOW 
Dueville 386 F Adult -6.3 -4.6 26.1 17.1 -7.4 
Dueville 391 F 35-50 -6.4 -3.5 27.3 18.3 -5.5 
Dueville 393 M Adult -7.6 -4.0 26.8 17.7 -6.4 
Dueville 394 M Adult -7.0 -4.6 26.1 17.1 -7.4 
Dueville 396 F 35-50 -6.4 -5.1 25.6 16.6 -8.2 
Dueville 397 M Adult -7.1 -3.3 27.5 18.5 -5.2 
Dueville 402 M Adult -7.6 -2.7 28.1 19.0 -4.5 
Dueville 408 M Adult -8.0 -4.8 25.9 16.9 -7.7 
Dueville 409 F Adult -7.9 -3.3 27.5 18.5 -5.2 
Dueville 416 F Adult -8.4 -2.9 27.9 18.8 -4.8 
Dueville 425 F Adult -6.5 -5.2 25.5 16.5 -8.4 
Dueville 426 M 35-50 -7.9 -4.2 26.5 17.5 -6.8 
Dueville 427 M 20-34 -8.1 -5.4 25.3 16.3 -8.7 
Dueville 431 F Adult -8.2 -3.7 27.0 18.0 -6.0 
Dueville 459 F Adult -6.4 -2.9 27.9 18.8 -4.8 
Dueville 464 F 50+ -7.0 -2.4 28.4 19.3 -3.9 
Dueville 476 M 20-34 -5.9 -2.9 27.9 18.8 -4.8 
Dueville 479 M Adult -5.7 -3.2 27.6 18.5 -5.2 
Dueville 484 M Adult -7.3 -4.3 26.4 17.4 -7.0 
Dueville 487 M Adult -6.3 -2.5 28.3 19.2 -4.1 
Dueville 489 F Adult -6.7 -3.9 26.9 17.8 -6.3 
Dueville 490 F Adult -7.4 -2.3 28.5 19.4 -3.8 
Dueville 499 F 50+ -8.7 -2.1 28.7 19.6 -3.5 
Dueville 502 F 20-34 -6.4 -4.5 26.2 17.2 -7.3 
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Table B2 (continued) 
Site ID Sex Age 13Cap 
‰VPDB 
18Oap 
‰VPDB 
18Oap 
‰VSMOW 
18Op 
‰VSMOW 
18Odw 
‰VSMOW 
Dueville 503 M Adult -6.8 -4.2 26.6 17.1 -7.4 
Dueville 511 M Adult -6.7 -3.7 27.1 18.0 -6.0 
Dueville 512 M Adult -7.2 -2.5 28.3 19.2 -4.1 
Dueville 515 F Adult -6.5 -4.2 26.6 17.5 -6.7 
Dueville 518 M Adult -6.9 -4.4 26.3 17.3 -7.1 
Dueville 519 F Adult -8.1 -2.6 28.2 19.2 -4.2 
Dueville 522 F 35-50 -6.8 -4.3 26.4 17.4 -6.9 
Dueville 523 F Adult -6.4 -4.1 26.7 17.7 -6.5 
Dueville 527 F Adult -7.0 -4.4 26.3 17.3 -7.1 
Dueville 528 F 20-34 -6.2 -4.9 25.8 16.8 -7.9 
Dueville 529 M Adult -7.5 -4.5 26.2 17.2 -7.3 
Dueville 534 M 20-34 -5.9 -4.5 26.2 17.2 -7.2 
Dueville 539 M Adult -6.6 -4.8 26.0 16.9 -7.6 
Dueville 540 M Adult -7.0 -4.3 26.4 17.4 -7.0 
Dueville 541 M Adult -5.3 -4.4 26.3 17.3 -7.1 
Dueville 542 F Adult -5.6 -4.6 26.1 17.1 -7.4 
Dueville 543 F 20-34 -5.0 -4.3 26.4 17.4 -6.9 
Dueville 544 F 20-34 -6.2 -4.8 25.9 16.9 -7.8 
Dueville 545 M Adult -7.0 -4.6 26.2 17.2 -7.3 
Bardolino TB 10(1) F Adult -11.6 -3.5 27.3 18.3 -5.5 
Bardolino TB 10(2) F Adult -10.4 -2.7 28.1 19.0 -4.5 
Bardolino TB 12 I Adult -10.4 -3.7 27.1 18.0 -6.0 
Bardolino TB 13 M Adult -8.7 -2.9 27.9 18.8 -4.8 
Bardolino TB 14 I Adult -7.7 -3.4 27.4 18.4 -5.4 
Bardolino TB 15 F 35-50 -8.5 -3.4 27.4 18.4 -5.4 
Bardolino TB 9 F 20-34 -10.2 -3.8 26.9 17.9 -6.1 
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Table B2 (continued) 
Site ID Sex Age 13Cap 
‰VPDB 
18Oap 
‰VPDB 
18Oap 
‰VSMOW 
18Op 
‰VSMOW 
18Odw 
‰VSMOW 
Desmontà 279 M Adult -8.3 -3.9 26.8 17.8 -6.3 
Desmontà 292 M Adult -11.2 -3.9 26.8 17.8 -6.3 
Desmontà TB 299 I Adult -9.7 -2.7 28.1 19.0 -4.5 
Desmontà TB 300 I Adult -10.3 -2.7 28.1 19.0 -4.5 
Desmontà TB 301 I Adult -7.3 -5.1 25.6 16.6 -8.2 
Peschiera TB 2(1) I Adult -9.8 -4.1 26.6 17.6 -6.6 
Peschiera TB 2(2) M Adult -9.5 -4.2 26.6 17.5 -6.7 
Peschiera TB 3(2) F Adult -9.5 -3.8 26.9 17.9 -6.1 
Peschiera TB 3(358) F Adult -9.5 -4.3 26.4 17.4 -6.9 
Peschiera TB 4(1) M Adult -12.0 -2.9 27.9 18.8 -4.8 
Peschiera TB 4(2) M Adult -13.1 -2.6 28.2 19.2 -4.2 
Peschiera TB 4(3) I Adult -11.0 -2.0 28.8 19.7 -3.4 
S. Basilio 612 I Adult -11.4 -3.6 27.1 18.1 -5.8 
S. Basilio T3 I Adult -13.5 -3.4 27.4 18.4 -5.4 
S. Basilio T4 F 35-50 -13.7 -3.4 27.4 18.4 -5.4 
S. Basilio T6 570A M Adult -12.5 -3.6 27.1 18.1 -5.8 
S. Basilio T6 580 M 20-34 -11.7 -3.7 27.1 18.0 -6.0 
S. Basilio T6 581 F Adult -11.4 -3.6 27.1 18.1 -5.8 
S. Basilio T6 581A M 50+ -12.0 -3.5 27.3 18.3 -5.5 
S. Basilio T7 576 M Adult -13.5 -1.5 29.3 20.2 -2.6 
S. Basilio T14 738 M 20-34 -13.1 -3.1 27.7 18.6 -5.1 
S. Basilio T14 739 M Adult -12.4 -3.3 27.5 18.5 -5.2 
S. Basilio T15 698 F Adult -13.9 -4.8 25.9 16.9 -7.7 
S. Basilio T16 680 M Adult -12.9 -3.5 27.3 18.3 -5.5 
S. Basilio T16 681 M Adult -12.6 -3.7 27.1 18.0 -6.0 
S. Basilio T16 682 F Adult -11.7 -3.9 26.8 17.8 -6.3 
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Table B2 (continued) 
Site ID Sex Age 13Cap 
‰VPDB 
18Oap 
‰VPDB 
18Oap 
‰VSMOW 
18Op 
‰VSMOW 
18Odw 
‰VSMOW 
S. Basilio T18 671 M Adult -12.3 -3.5 27.3 18.3 -5.5 
S. Basilio T18 719A F 20-34 -13.1 -2.7 28.1 19.0 -4.5 
S. Basilio T18 719B F 20-34 -12.4 -3.0 27.8 18.7 -4.9 
S. Basilio T18 759 M Adult -13.5 -2.5 28.3 19.2 -4.1 
S. Basilio T22 729A I Adult -13.7 -2.4 28.4 19.3 -3.9 
S. Basilio T23 964 M Adult -12.7 -3.0 27.8 18.7 -4.9 
S. Basilio T28 876 I Adult -10.7 -3.2 27.6 18.5 -5.2 
S. Basilio T29 933 I Adult -12.9 -3.0 27.8 18.7 -4.9 
S. Basilio T31 936 M Adult -13.7 -3.0 27.8 18.7 -4.9 
S. Basilio T33 814 F 20-34 -12.2 -3.7 27.1 18.0 -6.0 
Riformati TB 1 I Subadult -9.4 -3.4 27.4 18.4 -5.4 
Riformati TB 2 M 20-34 -9.0 -2.5 28.3 19.2 -4.1 
Riformati TB 3 M 20-34 -9.9 -2.3 28.5 19.4 -3.8 
Riformati TB 4 F 20-34 -10.0 -0.9 29.9 20.8 -1.6 
Riformati TB 5 I Adult -10.3 -1.3 29.5 20.4 -2.3 
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APPENDIX C: STATISTICS  
 
 
Table C1. Levene’s test for homogeneity of variance for the whole sample (N=149 apatite, N=148 collagen) 
Test of Homogeneity of Variances 
  Levene Statistic df1 df2 Sig. 
13Cco(bone) Based on Mean 8.599 6 141 0.000 
Based on Median 6.233 6 141 0.000 
Based on Median and with 
adjusted df 
 
6.233 6 84.479 0.000 
 
 
 
Based on trimmed mean 8.413 6 141 0.000 
13Cen(VPDB) Based on Mean 9.151 1 58 0.004 
Based on Median 8.943 1 58 0.004 
Based on Median and with 
adjusted df 
8.943 1 50.662 0.004 
Based on trimmed mean 9.074 1 58 0.004 
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Table C1 (continued) 
Test of Homogeneity of Variances 
  Levene Statistic df1 df2 Sig. 
15N(bone) Based on Mean 5.398 6 141 0.000 
Based on Median 3.117 6 141 0.007 
Based on Median and with 
adjusted df 
3.117 6 100.628 0.008 
Based on trimmed mean 5.090 6 141 0.000 
13Cco(dentin) Based on Mean 4.839 1 58 0.032 
Based on Median 4.930 1 58 0.030 
Based on Median and with 
adjusted df 
4.930 1 51.677 0.031 
Based on trimmed mean 4.860 1 58 0.031 
15N(dentin) Based on Mean 12.425 1 58 0.001 
Based on Median 12.422 1 58 0.001 
Based on Median and with 
adjusted df 
12.422 1 46.050 0.001 
Based on trimmed mean 12.399 1 58 0.001 
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Table C1 (continued) 
Test of Homogeneity of Variances 
  Levene Statistic df1 df2 Sig. 
18Oen(VPDB) Based on Mean 3.414 1 58 0.070 
Based on Median 1.946 1 58 0.168 
Based on Median and with 
adjusted df 
1.946 1 51.616 0.169 
Based on trimmed mean 3.284 1 58 0.075 
13Cap(bone) Based on Mean 3.606 6 143 0.002 
Based on Median 2.496 6 143 0.025 
Based on Median and with 
adjusted df 
2.496 6 90.344 0.028 
Based on trimmed mean 3.552 6 143 0.003 
18Oap(VPDB) Based on Mean 3.261 6 142 0.005 
Based on Median 1.972 6 142 0.073 
Based on Median and with 
adjusted df 
1.972 6 133.839 0.074 
Based on trimmed mean 3.233 6 142 0.005 
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Table C2. Shapiro-Wilk test for normality of the data for each site. (*) designates non-normal distribution 
Tests of Normality  
 Site Kolmogorov-Smirnova Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 
13Cco(bone) Dueville .117 50 .083 .954 50 .052 
Sovizzo .065 50 .200* .982 50 .643 
Bardolino .322 7 .027 .846 7 .113 
Peschiera .251 7 .200* .818 7 .062 
Desmontà .306 5 .143 .822 5 .122 
S. Basilio .118 22 .200* .989 22 .995 
Riformatti .159 6 .200* .968 6 .879 
15N(bone) Dueville .148 50 .008 .960 50 .085 
Sovizzo .099 50 .200* .986 50 .799 
Bardolino .174 7 .200* .909 7 .391 
Peschiera .328 7 .022 .733 7 .008* 
Desmontà .244 5 .200* .874 5 .283 
S. Basilio .249 22 .001 .865 22 .006* 
Riformati .260 6 .200* .884 6 .288 
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Table C2 (continued) 
Tests of Normality  
 Site Kolmogorov-Smirnova Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 
18Oap(VPDB) Dueville .158 50 .003 .939 50 .013* 
Sovizzo .206 50 .000 .901 50 .001* 
Bardolino .271 7 .131 .908 7 .382 
Peschiera .236 7 .200* .880 7 .228 
Desmontà .231 5 .200* .881 5 .314 
S. Basilio .198 22 .024 .905 22 .038* 
Riformati .141 6 .200* .981 6 .956 
13Cap(bone) Dueville .103 50 .200* .982 50 .646 
Sovizzo .075 50 .200* .982 50 .646 
Bardolino .229 7 .200* .936 7 .602 
Peschiera .287 7 .083 .817 7 .060 
Desmontà .186 5 .200* .969 5 .872 
S. Basilio .144 22 .200* .948 22 .289 
Riformati .292 6 .119 .921 6 .513 
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Table C3. Shapiro-Wilk test for each isotope across the whole sample N=149 
Tests of Normality All Isotopes 
  Kolmogorov-Smirnova Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 
13Cco(bone) 0.079 60 .200
* 0.987 60 0.756 
15N(bone) 0.098 60 .200
* 0.978 60 0.339 
13Cco(dentin) 0.09 60 .200
* 0.976 60 0.271 
15N(dentin) 0.158 60 0.001 0.943 60 0.008* 
18Oen(VPDB) 0.114 60 0.049 0.985 60 0.673 
13Cap(bone) 0.11 60 0.067 0.979 60 0.378 
18Oap(VPDB) 0.153 60 0.001 0.928 60 0.002* 
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Table C4. Mann-Whitney U test for significance for sex at Sovizzo (not significant) 
  
N U 
Assump. 
Sig. (2-tailed) 
δ13Cco 50 341.500 0.573 
15N 50 282.500 0.56 
13Cap 50 395.500 0.107 
 
 
Table C5. Kruskal-Wallis test for significance for age at Sovizzo (not significant) 
  
N Chi-Square df 
Assump.  
Sig. (2-tailed) 
 
δ13Cco 50 1.239 3 0.744 
15N 50 2.285 3 0.515 
13Cap 50 1.713 3 0.634 
 
 
Table C6. Mann-Whitney U test for significance for grave good presence/absence (not 
significant) 
 
  
N U 
Assump. 
Sig. (2-tailed) 
δ13Cco 50 182.500 0.062 
15N 50 194.500 0.106 
13Cap 50 269.500 0.958 
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Table C7. Mann-Whitney U test for significance for grave good type (not significant) 
  
N U 
Assump.  
Sig. (2-tailed) 
δ13Cco 16 33.000 0.316 
15N 16 33.500 0.262 
13Cap 16 33.000 0.316 
  
 
Table C8. Mann-Whitney U test for significance for local versus non-local (not significant) 
  
N U 
Assump.  
Sig. (2-tailed) 
δ13Cco 30 65.500 0.072 
15N 30 79.000 0.232 
 
 
Table C9. Pairwise comparison for age categories at Dueville (15N(bone)) (*) indicates 
significance 
 
Sample 1-Sample 2 Test 
Statistic 
Std. 
Error 
Std. Test 
Statistic 
Sig. Adj. Sig. 
50+ and 35-50 9.100 10.573 0.861 0.389 1.000 
50+ and Adult -20.368 8.719 -2.336 0.019 0.117 
*50+ and 20-34 26.500 9.801 2.704 0.007 0.041 
35-50 and Adult -11.268 6.934 -1.625 0.104 0.625 
35 to 50 and 20-34 17.400 8.253 2.108 0.035 0.210 
Adult and 30-34 6.132 5.689 1.078 0.281 1.000 
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Table C10a. Pairwise comparison for all sites from the Veneto 13Cco(bone) (*) indicates 
significance 
 
Sample 1-Sample 2 Test 
Statistic 
Std. 
Error 
Std. Test 
Statistic 
Sig. Adj. Sig. 
San Basilio-Bardolino 27.166 18.596 1.461 0.144 1.000 
San Basilio-Desmontà 34.189 19.736 1.732 0.083 1.000 
San Basilio-Peschiera 35.237 18.596 1.895 0.058 1.000 
San Basilio-Riformati -37.523 19.736 -1.901 0.057 1.000 
*San Basilio-Sovizzo 67.813 10.963 6.185 0.000 0.000 
*San Basilio-Dueville 98.433 10.963 8.978 0.000 0.000 
Bardolino-Desmontà -7.024 23.841 -0.295 0.768 1.000 
Bardolino-Peschiera -8.071 22.906 -0.352 0.725 1.000 
Bardolino-Riformati -10.357 23.841 -0.434 0.664 1.000 
Bardolino-Sovizzo 40.647 17.293 2.35 0.019 0.394 
*Bardolino-Dueville 71.267 17.293 4.121 0.000 0.001 
Desmontà-Peschiera 1.048 23.841 0.044 0.965 1.000 
Desmontà-Riformati -3.333 24.741 -0.135 0.893 1.000 
Desmontà-Sovizzo 33.623 18.514 1.816 0.069 1.000 
*Desmontà-Dueville 64.243 18.514 3.47 0.001 0.011 
Peschiera-Riformati -2.286 23.841 -0.096 0.924 1.000 
Peschiera-Sovizzo 32.576 17.293 1.884 0.060 1.000 
*Peschiera-Dueville 63.196 17.293 3.654 0.000 0.005 
Riformati-Sovizzo 30.29 18.514 1.636 0.102 1.000 
*Riformati-Dueville 60.91 18.514 3.29 0.001 0.021 
*Sovizzo-Dueville 30.62 8.57 3.573 0.000 0.007 
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Table C10b. Pairwise comparison for all sites from the Veneto 15N(bone) (*) indicates 
significance 
 
Sample 1-Sample 2 Test 
Statistic 
Std. 
Error 
Std. Test 
Statistic 
Sig. Adj. Sig. 
San Basilio-Bardolino -1.013 18.506 -0.055 0.956 1.000 
*San Basilio-Desmontà -28.31 8.566 -3.305 0.001 0.020 
San Basilio-Peschiera -47.251 17.285 -2.734 0.006 0.132 
San Basilio-Riformati -52.466 17.285 -3.035 0.002 0.050 
*San Basilio-Sovizzo -77.248 10.958 -7.049 0.000 0.000 
*San Basilio-Dueville -83.263 18.506 -4.499 0.000 0.000 
Bardolino-Desmontà 27.297 18.506 1.475 0.140 1.000 
Bardolino-Peschiera 46.238 23.83 1.94 0.052 1.000 
Bardolino-Riformati 51.452 23.83 2.159 0.031 0.648 
*Bardolino-Sovizzo -76.235 19.727 -3.864 0.000 0.002 
*Bardolino-Dueville -82.25 24.729 -3.326 0.001 0.018 
Desmontà-Peschiera -18.941 17.285 -1.096 0.273 1.000 
Desmontà-Riformati 
-24.156 17.285 -1.397 0.162 1.000 
*Desmontà-Sovizzo -48.938 10.958 -4.466 0.000 0.000 
Desmontà-Dueville -54.953 18.506 -2.97 0.003 0.063 
Peschiera-Riformati -5.214 22.895 -0.228 0.820 1.000 
Peschiera-Sovizzo -29.997 18.587 -1.614 0.107 1.000 
Peschiera-Dueville -36.012 23.83 -1.511 0.131 1.000 
Riformati-Sovizzo -24.782 18.587 -1.333 0.182 1.000 
Riformati-Dueville -30.798 23.83 -1.292 0.196 1.000 
Sovizzo-Dueville 
-6.015 19.727 -0.305 0.760 1.000 
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Table C10c. Pairwise comparison for all sites from the Veneto 18Oap(VPDB) (*) indicates 
significance 
 
Sample 1-Sample 2 Test 
Statistic 
Std. 
Error 
Std. Test 
Statistic 
Sig. Adj. Sig. 
San Basilio-Bardolino 17.750 8.509 2.086 .037 0.776 
San Basilio-Desmontà -25.960 19.955 -1.301 .193 1.000 
San Basilio-Peschiera -38.103 17.169 -2.219 .026 0.556 
San Basilio-Riformati -44.031 17.169 -2.565 .010 0.217 
*San Basilio-Sovizzo -45.460 10.885 -4.177 .000 0.001 
*San Basilio-Dueville -81.460 18.381 -4.432 .000 0.000 
Bardolino-Desmontà -8.210 19.955 -.411 .681 1.000 
Bardolino-Peschiera -20.353 17.169 -1.185 .236 1.000 
Bardolino-Riformati -26.281 17.169 -1.531 .126 1.000 
Bardolino-Sovizzo -27.710 10.885 -2.546 .011 0.229 
*Bardolino-Dueville -63.710 18.381 -3.466 .001 0.011 
Desmontà-Peschiera 12.143 24.911 .487 .626 1.000 
Desmontà-Riformati 18.071 24.911 .725 .468 1.000 
Desmontà-Sovizzo -19.500 21.078 -.925 .355 1.000 
Desmontà-Dueville -55.500 25.762 -2.154 .031 0.655 
Peschiera-Riformati 5.929 22.741 .261 .794 1.000 
Peschiera-Sovizzo -7.357 18.462 -.398 .690 1.000 
Peschiera-Dueville -43.357 23.670 -1.832 .067 1.000 
Riformati-Sovizzo -1.429 18.462 -.077 .938 1.000 
Riformati-Dueville -37.429 23.670 -1.581 .114 1.000 
Sovizzo-Dueville -36.000 19.595 -1.837 .066 1.000 
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Table C10d. Pairwise comparison for all sites from the Veneto 13Cap(bone) (*) indicates 
significance 
 
Sample 1-Sample 2 Test 
Statistic 
Std. 
Error 
Std. Test 
Statistic 
Sig. Adj. Sig. 
San Basilio-Bardolino 25.146 18.598 1.352 0.176 1.000 
San Basilio-Desmontà -35.432 19.739 -1.795 0.073 1.000 
San Basilio-Peschiera 41.765 19.739 2.116 0.034 0.721 
San Basilio-Riformati 43.003 18.598 2.312 0.021 0.436 
*San Basilio-Sovizzo 55.192 10.965 5.034 0.000 0.000 
*San Basilio-Dueville 107.842 10.965 9.835 0.000 0.000 
Bardolino-Desmontà -10.286 23.844 -0.431 0.666 1.000 
Bardolino-Peschiera -16.619 23.844 -0.697 0.486 1.000 
Bardolino-Riformati 17.857 22.909 0.779 0.436 1.000 
Bardolino-Sovizzo 30.046 17.296 1.737 0.082 1.000 
*Bardolino-Dueville 82.696 17.296 4.781 0.000 0.000 
Desmontà-Peschiera 6.333 24.744 0.256 0.798 1.000 
Desmontà-Riformati 
7.571 23.844 0.318 0.751 1.000 
Desmontà-Sovizzo 19.76 18.517 1.067 0.286 1.000 
*Desmontà-Dueville 66.077 18.517 3.568 .000 0.008 
*Peschiera-Riformati 72.41 18.517 3.91 0.000 0.002 
Peschiera-Sovizzo 1.238 23.844 0.052 0.959 1.000 
Peschiera-Dueville 13.427 18.517 0.725 0.468 1.000 
Riformati-Sovizzo 19.760 18.517 1.067 .286 1.000 
*Riformati-Dueville 66.077 18.517 3.568 0.000 0.008 
Sovizzo-Dueville 
12.189 17.296 0.705 0.481 1.000 
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Table C11. Mann-Whitney U for significant differences between all sites (not significant) 
  
N U 
Assump.  
Sig. (2-tailed) 
δ13Cco 134 2382.500 0.533 
15N 134 1981.000 0.244 
13Cap 134 1815.500 0.706 
18Oap 134 2,586.00 0.225 
 
 
Table C12. Mann-Whitney U for significant differences between all sites (not significant) for 
age 
  
N U 
Assump.  
Sig. (2-tailed) 
δ13Cco 148 3.343 0.647 
15N 148 6.364 0.272 
13Cap 149 2.959 0.305 
18Oap 149 6.939 0.246 
 
 
Table C13. Mann-Whitney U for significant differences between all sites (not significant) for 
grave goods presence/absence 
 
  
N U 
Assump.  
Sig. (2-tailed) 
δ13Cco 85 794.000 0.695 
15N 85 679.000 0.149 
13Cap 86 966.500 0.305 
18Oap 85 710.00 0.246 
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Table C14a. Pairwise comparisons for Sovizzo, Dueville, and S. Basilio isotopes for males
 13Cco(bone) (*) indicates significance 
 
Sample 1-Sample 2 Test 
Statistic 
Std. 
Error 
Std. Test 
Statistic 
Sig. Adj. Sig. 
*San Basilio-Sovizzo 23.020 6.331 3.636 <0.001 0.001 
*San Basilio-Dueville 38.980 6.331 6.157 <0.001 <0.001 
*Sovizzo-Dueville -15.960 5.099 -3.130 0.002 0.005 
 
 
Table C14b. Pairwise comparisons for Sovizzo, Dueville, and S. Basilio isotopes for males 
15N(bone) (*) indicates significance 
 
Sample 1-Sample 2 Test 
Statistic 
Std. 
Error 
Std. Test 
Statistic 
Sig. Adj. Sig. 
*San Basilio-Sovizzo 12.220 5.091 2.400 0.016 0.049 
*San Basilio-Dueville -29.308 6.321 -4.637 <0.001 <0.001 
*Sovizzo-Dueville -17.088 6.321 -2.704 0.007 0.021 
 
 
Table C14c. Pairwise comparisons for Sovizzo, Dueville, and S. Basilio isotopes for males 
13Cap(bone) (*) indicates significance 
 
Sample 1-Sample 2 Test 
Statistic 
Std. 
Error 
Std. Test 
Statistic 
Sig. Adj. Sig. 
*San Basilio-Sovizzo 18.917 6.334 2.986 0.003 <0.001 
*San Basilio-Dueville 42.877 6.334 6.769 <0.001 <0.001 
*Sovizzo-Dueville -23.960 5.102 -4.697 <0.001 <0.001 
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Table C14d. Pairwise comparisons for Sovizzo, Dueville, and S. Basilio isotopes for males 
18Oap(VPDB) (*) indicates significance 
 
Sample 1-Sample 2 Test 
Statistic 
Std. 
Error 
Std. Test 
Statistic 
Sig. Adj. Sig. 
San Basilio-Sovizzo -2.520 5.097 -0.494 0.621 1.000 
*San Basilio-Dueville -16.140 6.328 -2.550 0.011 0.032 
Sovizzo-Dueville -13.620 6.328 -2.152 0.031 0.094 
 
 
 
Table C15a. Pairwise comparisons for Sovizzo, Dueville, and S. Basilio isotopes for females 
13Cco(bone) (*) indicates significance 
Sample 1-Sample 2 Test 
Statistic 
Std. 
Error 
Std. Test 
Statistic 
Sig. Adj. Sig. 
*San Basilio-Sovizzo 22.680 7.409 3.061 0.002 0.007 
*San Basilio-Dueville 33.320 7.409 4.497 <0.001 <0.001 
Sovizzo-Dueville -10.640 4.609 -2.308 0.021 0.063 
 
 
Table C15b. Pairwise comparisons for Sovizzo, Dueville, and S. Basilio isotopes for 
females15N(bone) (*) indicates significance 
Sample 1-Sample 2 Test 
Statistic 
Std. 
Error 
Std. Test 
Statistic 
Sig. Adj. Sig. 
*San Basilio-Sovizzo 12.140 4.607 2.635 0.008 0.025 
*San Basilio-Dueville -31.177 7.405 -4.210 <0.001 <0.001 
*Sovizzo-Dueville -19.037 7.405 -2.571 0.010 0.030 
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Table C15c. Pairwise comparisons for Sovizzo, Dueville, and S. Basilio isotopes for 
females13Cap(bone) (*) indicates significance 
 
Sample 1-Sample 2 Test 
Statistic 
Std. 
Error 
Std. Test 
Statistic 
Sig. Adj. Sig. 
*San Basilio-Sovizzo 17.420 7.093 2.456 0.014 0.042 
*San Basilio-Dueville 39.580 7.093 5.580 <0.001 <0.001 
*Sovizzo-Dueville -22.160 4.692 -4.723 <0.001 <0.001 
 
 
Table C15d. Pairwise comparisons for Sovizzo, Dueville, and S. Basilio isotopes for females 
18Oap(VPDB)(no significance) 
 
Sample 1-Sample 2 Test 
Statistic 
Std. 
Error 
Std. Test 
Statistic 
Sig. Adj. Sig. 
San Basilio-Sovizzo -9.380 4.688 -2.001 0.045 0.136 
San Basilio-Dueville -16.334 7.087 -2.305 0.021 0.064 
Sovizzo-Dueville -6.954 7.087 -0.981 0.326 0.979 
 
 
 
Table C16a. Pairwise comparisons for Sovizzo, Dueville, and S. Basilio isotopes over 
geographic region 13Cco(bone) (*) indicates significance 
 
Sample 1-Sample 2 Test 
Statistic 
Std. 
Error 
Std. Test 
Statistic 
Sig. Adj. Sig. 
*Vicenza-Verona 75.082 9.162 8.195 <0.001 <0.001 
*Vicenza-Rovigo 51.025 10.497 4.861 <0.001 <0.001 
Verona-Rovigo 24.057 12.546 1.918 0.055 0.166 
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Table C16b. Pairwise comparisons for Sovizzo, Dueville, and S. Basilio isotopes over 
geographic region15N(bone) (*) indicates significance 
 
Sample 1-Sample 2 Test 
Statistic 
Std. 
Error 
Std. Test 
Statistic 
Sig. Adj. Sig. 
Vicenza-Verona -21.050 10.492 -2.006 0.045 0.134 
*Vicenza-Rovigo -64.382 9.158 -7.030 <0.001 <0.001 
*Verona-Rovigo -43.332 12.540 -3.456 0.001 0.002 
 
 
Table C16c. Pairwise comparisons for Sovizzo, Dueville, and S. Basilio isotopes over 
geographic region13Cap(bone) (*) indicates significance 
 
Sample 1-Sample 2 Test 
Statistic 
Std. 
Error 
Std. Test 
Statistic 
Sig. Adj. Sig. 
Vicenza-Verona 29.833 12.539 2.379 0.017 0.052 
*Vicenza-Rovigo 75.158 9.042 8.312 <0.001 <0.001 
*Verona-Rovigo 45.325 10.640 4.260 <0.001 <0.001 
 
 
Table C16d. (continued) 18Oap(VPDB) (*) indicates significance 
Sample 1-Sample 2 Test 
Statistic 
Std. 
Error 
Std. Test 
Statistic 
Sig. Adj. Sig. 
*Vicenza-Verona -28.604 10.792 -2.65 0.008 0.024 
*Vicenza-Rovigo -44.092 8.977 -4.912 <0.001 <0.001 
Verona-Rovigo -15.488 12.643 -1.225 0.221 0.662 
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APPENDIX D: NECESSARY PERMISSIONS 
 
D1. Figures from Google Maps  
Figure 1. Map of the Veneto; inset: its location in Italy, modified from Google Maps (2019) 
Figure 2. Map of Langobard migrations from Scandinavia to Italy, modified from Google Maps 
(2019) 
 
Figure 3. Map of Langobard (circled in red) and Byzantine Italy (Revenna, Rome, Sicily), 
modified from Google Maps (2019) 
 
Figure 6. Map of main rivers and lakes in the Veneto relative to site locations (in blue), modified 
from Google Maps (2019) 
 
Figure 22. Map of archaeological sites in the Vento, modified from Google Maps (2019) 
 
Figure 23. Sovizzo relative to Vicenza, modified from Google Maps (2019) 
 
Figure 26. Dueville relative to Vicenza and Sovizzo, modified from Google Maps (2019) 
 
Figure 28. Verona sites: Desmontà, Bardolino, and Peschiera del Garda, modified from Google 
Maps (2019) 
 
Figure 33. Rovigo sites: Riformati St. (Adria), and San Basilio, modified from Google Maps 
(2019) 
 
Figure 40. Estimated regional oxygen values in the Veneto, modified from Google Maps (2019) 
 
Permissions: Used with permission. See Google’s General Guidelines: 
https://www.google.com/permissions/geoguidelines/. 
 
A screenshot of the permissions is below: 
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D2. Figure Permissions from Author 
Figure 4. Carbon isotopic pathways (after Tykot 2004) 
Figure 5. 13Cco and 
15N food ratios (after Tykot 2006) 
Permissions: Permission granted by Robert Tykot via email: 
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D3. Figure Fair Use: 
 
Figure 7. Necklace and earrings found in Riformati St. Tomb 6 (4-6th century AD) modified from 
Diego Malvestio site report (2000).  
 
Permissions: Fair Use Exceptions listed below: 
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Figure 24. Map of 1985 excavation by Rigoni (modified from Rigoni et al. 1988) 
 
Figure 25. Map of 4th excavated area from 1985 containing 36 burials modified from Rigoni et 
al. 1988 
 
Permissions: Fair Use Exceptions listed below: 
 
 
381 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
382 
 
Figure 29. Excavation at Bardolino, with Roman villa and associated burial complexes. T1-7 are 
Imperial period burials, and T9-15 are Early Medieval period burials, modified from Buno 2014. 
 
Permissions: Fair Use Exceptions listed below: 
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Figure 30. Excavation map of Desmontà burials modified from Melato (2015) 
 
Figure 31. Desmontà, Tomb 300, female burial with bronze earrings modified from Melato  
(2015) 
 
Permissions: Fair Use Exceptions listed below: 
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Figure 32. Peschiera del Garda, Arilica, Roman villa schematic modified from Bruno and 
Manasse (2000) 
 
Permissions: Fair Use Exceptions listed below: 
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Figure 34. Excavation map of San Basilio tombs modified from Marcassa and Paganotto (2009) 
 
Figure 35. Cappuccina burial at San Basilio, modified from Marcassa and Paganotto (2009) 
 
Permissions: Fair Use Exceptions listed below: 
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D4. Permissions for Data Collection 
 
 
 
